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Tha {aotphology of ttMi olfactofy os^mm of *%» fR«rti 
£is))»s ciisiSffiSiSiit i^4,lm^li# SffKi^sm mmm > ^ «»a ^»'^^ 
<3o8C»rib€Kl* D^^tailaa atu^mi o£ tiim dUPChJUtectonio p^tams 
o£ the oi£ac!toiry coiKstte* the olSaotory iasaellMi* the. tm 
eia^dl poff«i«« th» as^osaory sac i^n^  l^e mufeo of i«at«r oir-
oulation ifi tho ol£d3%oiry ali<3ml>«r ?i«v« bean sstudidd* hc»» 
logiieal ooofficiiejitt are oalauJK i^fKS liy tMs> mat!ioa« and tlie 
diraMiMK s^ in tbeae mettiode liave Tsmmi pointed out* i4ofeover« 
deteiied histological, atudiee of oif aotory sosettee of 
&«lllflUI# Htfittatu^ and Si^MBMM. '^"'^ olfaotory £oe«%te 
and aooeaaory aae of j '^imlntft^ •^^ 'V ^i^*** done* 
Xt ia obeerved in a i i the four i^ peoiee that the olfaetory 
chamber oeei«>iee a oanatant and fijiaci poaition with regacd 
to the honea of the aiiyli# being lodged in a hollow in the 
ethmoid between i te pointa of avtieulation with the palatine 
r^ 
C 
«fl4 latitrynoal laonos* T I M olfi«ot»ry ctiaobar o£ ««cti f ish 
<)M(inunicat«9 otiluiid« by two tiSMt&X openiii|8| anterior naoal 
opvnina «tn(l .io9t«rior n « 9 ^ op«fiiii<j* Zn H»vittatu«^ £*jffilSlft 
aitd H»t<fcaplnckA t h * ontorlor cponiitf i s louixt ana ttlbul.<ir« 
«^i l« in £*jsSJasui i t i s boisided by a t l ist inct iy £ocs»s^  i ip« 
ttio rioatorior m^cgin of miich is continuous «fitn ths nssai 
t\^0 a hood i iko strustiur®* Th@ tii^uXar opening ana nasai 
f 1 ^ d@fic»t natar tot^arOs ths anterior £joi:#« ^ c^rroiation 
is fotir^ betwsoR tJie pir«i3@na» o£ tt£>uiar opening and ths 
.naopcMseaatio nattare o£ l^o f ish* 
A groat var iab i l i ty in tits siso# shspe and otriKsture 
o£ U20 poateriar f ^ a t r i i i s obsarvea* Zn q^vittatua* fu^ticr^^a 
^^ >^  f^yrtg^ifidtir i t i s a v a l , l i^iia in C i^aanous^ i s sa^iicix^ 
cid.'ir« ii part oii t^o raa€^t© p « ^ ^eua tu ia op«Minj in 
a»stic^a an^ £*SSII^S&* "^^ loot^rior oiisnitigs Q£ a i i the 
Com* CiEili-a ar© dosrai^ oH a voive* 
ThQ 8h£^o of t^a roaatts is aithsr oval(^*j^jyyiUl)« 
or stoagatsd ff4»vittatiM>* or quadritfigiaiar tti»tei.if!i^n<aci) 
or iMMtis shu^^i l<y»ayiaus>» ^ rslationshi^ i s jsatahiishoi 
Mitwssn tha ships of ths cosatta ana tha olfactory faculty 
of tha f i ^ * TaidiiMnn's (19S4) oiasaif ication i n th is 
ragard is foind areonaBitis* 
tha nttabsr of l«iasllas in aaSh rosatta of ff»yf^%atus 
is M*S2« S«JiiaMI 24*30* li*JSIiJOSiUk ^ ^ snd in SL*MBSSStk 
o 
t«i9» 2t 4s atiggtt»t«Ji tDat fii«£»ar of laoiell«0 inisrtafMM with 
« 4iofVM^fidifHi imsrMMi in tini «ia« of thto £ i i^* ^ut i t i« 
not « striot rule «nd ia not otnarwd in «v«i^ caas* xn aotaa 
fialiaa (ll*SiKtlGS^ ^^ ''^  Q*SttSSSA^ timsQ m&f hm tm a»rm%^ 
tion hes^mmm tJta nur i^^ r ot ImsmllmB cma tha ai»a o0 tiia £iali* 
-V aantral irs^ Ha i@ ii]r^a®!it in ft*vittatuf^ !l*Mta^ ^^ 
^•MSBM* ^^t& \Upm%imSitl ia ^m&ij^ o£ i t * ^auaiiy tlio 
€i^c5s in t^i<^ t!i@ t^^^m i® 3P@a t^t assess a»«e nmSbmr ot 
Immllm (m6 tba addition oi nm* Immll&a t^ ho^ ia a grautar 
inoroaaa in liitair nmitmr atirinj t^o gso^tli o£ th@ fiat) aa 
o>.apairaa to t^m r^ aia-»ic3s@ gian«»s» 
Sn ||*jg£i|g3S oaA ImmHa io t^govi!^^ ^ i ^ oiairatlono on^ 
d^opi^ asions t^ic^ m t onif inar@as# t^e oturfaoa airea of t l ^ 
oi f aotoi^ <^it:ieiiiit but oiDo Qlifiliilsa tua diataiioa oi0 ^m 
intarianiailair ajiooaa in oinlar to m^o thm c i l i a on tita t«o 
i^tilia iatarfaeo tfith @adh otimf aucti t^ p@ o£ iamaiia «iitli 
ao Liu^ jxy^in^stt ana cx^natimt el^nvationa ami ^ipeaaaiona 
tiaa not b&sm mijortmA ao §m« 
(^* f<*tara?sinc9|i« tHa bulging atrcKstoraa &sm ^im^liapma 
to titiiiaa ttta niaa intarlap^iiar ap«3»9aa i»atii8aR tlia ifimaiiaa* 
itadti atruaturwa hmm not baan daaoribaa ao £ar in Ciaiiaa andi 
aca nasaa by tha pjraaant author aa **|}]!9ttiteranoaa'*« 
Tha aooaaaory namAl aaaa# namaiy iacr^a l and athmoi» 
aai« ara dawaiopad in »Niny fiahaa to faoi l i tata tha oirao" 
l«tlofi of watmr JUi tli« olimator/ chamlHir* tn tiM pxmamn% 
•tuiy <Mnly idoryikil oao i» prmamut in H>^ ctatiinck4<i tlMi 
TTia esQ^ansiofi ana acMopraooion o€ tho asoaaoory aaea 
i s idiomht &&x>vit hf th® cf^piratory t.iov«9ni@nt8 o£ tha fitOs 
or ace oontcoiiod by the i:x>versont« o£ t t^ JaRi»»* caion the 
Q&so aire e»^ Minae(3# a sixstioncii ISocce i e orcistt€»S x^cid t^ater 
io stKiiieJ in# t^i ie tnoir ooc^cesaion eeauits in tim ^ S&Qtion 
of water* Durif^ ^ noriai rospiratory iiavaacnta tlie a>fitrioutie»n 
o£ the ac3<3£}3C»ry saos in water oirouiati^n ia riot ou^i muSi 
tSitB the ^uoitiao of txm aixom ia s i l ^ t l y c^ongedi* rii^ dbftai 
diateDalon of the aeceaa»ry aao ia :K>a@iaie only ^mi the 
£i3!i o^ona i ta i^i&ti £uily« €or inatoooe* during enAX t^ng« 
ya«fnif^« ostjgliing eto« 
living SSk ak* Ci977} have divide i the Ciahea into tiiio 
icoupa • iaoacsatea^ %micSi ^@ the ci l iary actionf axtd oycioa* 
matea« ««her^  the puapinj action o£ the aeoesiaory naaoi aaaa 
jovema the oirouiution o£ water in the oifiactory ohamber* 
Ha^ Kaani (1979) propoaed a third gcoty • aa^iiaraate* ti^idi 
jUficludea thoae fiitfiea wtidlt t»e £ioth ci l iary an) pvmping 
action to oiroulate water* B»atiatna^ H^v^ttatya ana C«aaneua 
Call under iaoamate# %^ile ^•UBsaJiBStUL ^ ataphianate yxoup 
o£ fiahea* 
Irving akMk* il977> mSi giving ana Thofat.tM«fi(|977) 
havtt divii3«a thtt olfactory i»aAsog« into ttiros oori^ partaients* 
th« v>8«ti£>ul« in fiont and galiory behindl ^ 9 xo^attv* titt 
tostaodl the int<irl«ni<iiildr 9pac€^ am aoreiOoga* *\e(XtttUjng to 
%h<m «feli definoJ V9»ti0ui«i ana ^csilory uxo x^ r^aacmt in 
iaoanat«9# ^ i i o the oyQioiat:iat@0 act) <3<9«old o£ vestibuio and 
gallons* Tiie present atitltor oantraaicts l iving jjj^  j|^»Ci97?) 
and i^ tfving and IliaaiieewiC 19TI) m^d sitg^este that no a£»rrei{>» 
tion €esiots t^otneen tlie ^tfrnmnem of v«9tii3«iio <ji^  yoiiery 
•jo^ the aj»3ena0 o£ acsc»s.:K»tY eaca* 0«qiticiita yliicSi i s iaom:iato« 
i s aewDia o£ gaiioey* i t i i ie 'UteKt-iin^g i^CQvalt^ rnate* aooor^ing 
to Cloving (ma 'S^iOis.^oami'B ciai9oi£ic:atl&>n} |}osoed£i®9 t»th ^aUciry 
anc3 va3ti:}ulQ alongr ^ith the aooesoax^ SJQQ* 
The xoute o£ entrasioe and e.-cit of ^at^ir in ttie oifaatory 
ch'iL j^er i s 'aucSi adliated* A unidivcKM i^onai £X<m o€ w-j^ ter imm 
anterior to posterior direction hae '.)oen ;^ io£x>0ea* St i e 
obeervoJ in <Mch of Uie four SiMh<m t^at «f<iter enters through 
the interior oi;>ening and es^iiols otit vie the posterior one« 
irrespeotive of architeoteural differeneos of the teo n^^l 
opening* 
.astalogioaliy# tiie oifeotory epithaliyfn of ^t«vittetua, 
M,*M3kkl^» ii'liaOiADSUL 'ox^  £*J9SiBft <^ ®0 f^ ot differ itiudi ffon 
the basic vertebrate plan* aoth ciliated and non-ciliated 
s«^>porting ce l l s are present in t-iUaffl* ««*» H^ O^&liaStSlft* 
G 
«^i]i« only ciliat«ai onos in if>t€tTOlngkl and £«j 
Tti* otiboM^ si^g^x^rting otXl* avo prswttfit in tho «oo««d^ry 
ilia ir«»3^ t£>ff «@iij® €i«i® i£T€}^tiiarly iSimtriSsmim sm 
«fe«piy wuiiid^i in ^*smmk ^^^ ii*m^m^i» ^ i^j&i^m ^^ 
r@09ptor o@lia o r jsk^j^e^ arnvKtan^^ oro oonosntir^ad in tho 
{l9p«i@.iic»na fasinri iniMiriins|l0v4 ai th thm m»n«Kjiiiatoa ®U|'*s»«tifig 
colliis In :;i*vite^ t^n3js 333 ^*ijggiii3ili# t%&> t'/^ >c33 of mmp^m &x& 
'jrmmat» pel'aary nciumnos ^nd 9:>indl® »ii:^ »©d rtso^i^ora* wiii<^ 
aro iisdij^ *Qrpi€!f»t strw3t«gos <!iii^  tii^ra ©^ dUit® KJ ®fna|^t.io 
t l i : t ifc 'aay pr^bajly ijo tho Qiuir^sataristios oC a»a«3» fiiJltsii 
tuj D9 ikjvinj tUQ op^a^tio (xnita'^ :jc3tii@@n priiuiry OIKI seajmlc^y 
it©uBF3tia3 yitliit} t!i%Q oXiooUifti &itittm%l^M* 'ilia iKsec^tor omllB 
.iTQ w«.intitia in thQ «Kn@3Vjir/ a:.a of ll»t<aninijtg^i» 
'i'ii® ^- j i jt oai is :.TO ^r«<2iife in il^HLiiyMsi* I*S&&l»a 
dund •!»vitt4ttii* t^liiio ai3ont in £*js^liai* '^ i® ^roacsnt author 
has ciasaiSie ^ ttms& mlX& into t»o cat@pri^^t CI) thm 
a%^%id»n*$fCf 'm^X -^ oQil® tr.»niifox^a»d by tho 9V|7p»r«ijn9 
o«ii«« ami (2) ttm migratory j^obi^ i^t c&lXm temnmiowmmei by tiM 
iiiiasi|iaiieiu0 =»aaai ceoiia %(tiicti ps»a thcougts m ayciio tnigration 
iixm baaai %o aiU.3pafXtim K>ne* Xn t t ^ aissi^nae o£ gobi^at CMiiis 
^ c*f»»«ti« saucua i s siaertttad by supporting cmiis* i% i s sii99*«* 
tm& t h s t jo l ) !^ cNilis in ths oi£aatary epithsiiim i3»«y |>foi>si»iy 
imxm&am «h« olfactory •«n«itivity anA capacity o£ tJia 
ciMMory <3«JL1»* A t<m goblot oolla ar« obMicvoJ In «htt aooossory 
«ae of H t^atatttAii^ l* 
^Ho Isasal o«ila ai« oba«rv«a to IM tzanggosmlng into both 
ai^isorting ana c«osi^tor oaUa 4n aU tha four fiiahaa* tha 
mualixarotis l»a«al. csolla hava beat oliaarvati £e>r tha firat tkm 
in tha oifacstory f^ithaiiim of ;i»vittatua» Th^am os l ia art 
rio^ly 9rimui.itaa and at ia^t <-|at trariafontiei into a 03.'^ Xcite 
ojoblot caii* 
^^  li*JiSSMMiM <^^ basal uolla have tha tanO^ioy to flow 
in any diracjtilon leading to fehQ £o»sidtii»n ot prntiiaeroncoa 
^ i c ^ in^raaso tho ourf a^o oS olCtioitary epithelittai* 
<^^  n*vittatuB« tha aatac^oa "cell halls" at tha Oistal 
and o£ lQraQlli^ # aa a r^iult of cDocphoganoaiat have alao baan 
QommrvQu Cor the Cirat tism* ihiism oe l l balla aithar is>in with 
tA& adja^^nt lamella Itaatling to i ta elongation* or aattle on 
the floor of the olfactory epitheliua to ioms^ a n*3i# lanalla* 
ihe pigment oalla are present in the aoceaaory aao of 
H^ teMaAmaiif^  and in raiihe of ti»atiama. « The preaent author 
oonoluiSea that the praaenoa of pigpoiant ee l la may pvohably be 
related to the inoreaaea olfactory ho^aviour* 
ihe hrain topogra^y reveala that the olfactory bulb ia 
of pedunculate type in &»iyaift '"^ H>vittatualthe olfactory 
bulbe are attaohea with the olfactory soaette) and aeaaile 
8 
It i s obMxvMd thdt ttittrtt i s i» aircvintliEiii IdSi^ Maa tto 
podurteul^ts or a«ftu4l« oifaotory i9iiiji»» 4iid th» awMitivity o£ 
olfaoiiiEifi* iioiie¥«r# a diCinito f«ri«tic}n^ip ^dUits iMttweon th« 
»lam Q£ tti« iot>£f« ana wcfeont o£ olfactory or visual faouity* 
ths laicsoamatio £i8h^i poiiiNiss mmlX o i f iMStoxy l>ull> s^md araall 
loll® l»ii& iargo optic iol»e« While mmessoama^* tiavs Joit tho 
rovoroo oonditioii* 
Tti@ eaatogicfii a»aC€ioi«»t or tSm arsa o£ the oi£a«;tory 
€^itttoiiisi as a c»^ D^c»mt<»g(i o£ tho area o£ t i^e ratjjia htam bmon 
tsaicuistoa l9]f 7eic$imaiin*a ^•^'lod |I934>» *llia ac^raasiofia <ifid 
eiavatiofui o£ i^»atla»i|> .i»a ttis pm/t^MmrmiCmt o£ H t^SCTaifi^ i^ 
hava hmn r^xiirtad fior ttM £irst %imm in tha praaant reaoiir^ 
wofle* rtioy inas^ aaMi ttio surtaoa area o£ thA oX£aQ%dry i^itt^N 
ii«n* ant Tttifdhmani} {tas gkmm no ocmsMaratioti to jaaoondiadry 
ianailaa, ntoor iamttilwt or any athar aiavatoa of ^bui^ it^ r 
aumaturaa (a*9« aiavaA i^ofia andt ilaipraaoicms* psotviMiramNHi)« 
ani ao tho oifaotory araa f«»aina danfoid of auoii s^iruoturaa* 
fhiw.aiiottiar laatliod pxopoaa^ by flaliiaani moA KlianClMI^ '^aa 
•dbpt*i to oaiottiato tha aooiogioai ooaf f ioiant i»y t|«kiit9 
tha ralativo lan^tha of taiano^plMlaii and 
aaWsia^ MKl 
witli t l i ^ parana%Mr aiao - i t i s n»% iu i iy aoplioabi^ 4ii iatoc^ 
' / 
9 
(||*«lifcaijiii) «^ Mx« tlw liaib^m t s l^t iactm^am in vmiiwo» 
ll«t«c«l aiiveteiofi aad ^ 9 Jlaajth of tti« loi>o« alght not 
r«fi«<it^ th« trii» aUomotriQ ijconth* N«ir«ffftii«itt«»« « fairly 
aptaaiMi can bo maa» ^ dtuaylng t^9 ti«c> nuatDodt* 
^ ^*M3lSiSiit3A ^^ ol£^t«asy £a3iil«y and oif aotory 
loliQ aro gxNJatcr d«v<ii.ci|x6a tnam t l^ optioal faculty and 
optlo l0£)e n^imotiv^y* Ttiti3» i t i s a noao^fiihCmaexoflmat)* 
11)@ oi£actory faeuitiMi of ii»i»t^ iQcia, 3^1^  £*A9IISItt '^V* greater 
awmlo^or^ tHan Uio viauai iaouXtied* tj^ilo tUcsir oj^tie Xoiaos 
c^ aminato over t^ @ taif acttory ;k>b@a« Itiuss^  isotf} tlMiaa £i3l)9e 
^mlonci tc» oyaHnooo iietsup at £i9has* t i i i ie ^•pmn^isK&Lif being 
dn <9y<»»£i9!) (nJ^roansat)* h&B optioai iaouity 4»^ optic loi»& 
^roator dov^ic^)^ t h ^ tha olfactory faculty and olfactory 
Ic^ tMi* Tim concluBlons dra^ ni Isy moci^ ioJUHiical oloaorvatlona 
Haw immi ooneoiaciratOvi by iMiduwioiaral a»a eoologioal studies* 
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Ref. No 
X oart iJy that **.^ 'ttxllod on tim 
anatoi»sr and histology o€ ol£a9tory ox^an* 
a£ C3@rtaiii fishea* i.9 th» orijin^Ul wock of 
tUl£>f«ir «llaivl and i s eiuit4)l>l« ikir s^i^inliiJloit 
far the m»&x^ o€ th« doigprcie of otxstor of 
**h42osoi^y of the MigaTh JuaXiis Ufiivttralty* 
Aiigajdi* Thia uoxk has t»eofi K<«m& isy tho e«ndldate 
under my euimrvislioii* 
;6^-
KHAN > 
f iiao3ogy# 
,-rr-
•^ '0 
^ac^' 
d) Th0 o l f diotorsf ocghan of Oogmleiyai^  aa^ ftcriai 7S 
o) iliatoloay o£ th@ oXfaotary asgan of 
r^vattia v ^ t t a t ^ 04 
g) niatDlO'jy of ttm o l factory ©egan afi 
ti) -listoiocjy of til® o l foot jr^ org^ai of 
a) TTia nasal 0«>^tii}f|S 119 
hi Tim w^uapa of tli@ ultaotary S03€^t« 
and IcftiQlla 133 
o) Ihtt aocMiaaory aae 190 
<!} CijreiilatJk»ii of i»aftwr ISt 
• ) Soologioal ooaffioimit 1T3 
f } Hiatology at tti« olfocitafy argm Ift i 
i ) TiMi siipiiofftiiig o r »u»t«Kitae3ular osi ls 189 
i i ) iTio reo«»tor co l l s 190 
i U I iBm iMMa o i l l s 100 
iv) tlM goblot OBXIS 204 
v) tlMi pigfncHOt ool ls 212 
3U«lAH3r 219 
i & £ & & & I l t i i l S t 2 i a i l t t l 
Xt i i «ritii gtmgt plmtammt t i ioa^ t^t^ a oeiuwi of 
to my «t«wnri«>r 'or* ^^ avd«r M i^aood r^ iian^  yoc^mw: In feliA 
i3^^igtxmp^ o€ « (^»olo^« Ail04Cti .luQilm Uliiv9ralty# Ajllgaxti« 
fior fl^mriaj !i<io valuiii>ii9 t l i ^ to j^p tiicot;^ my {»^ xnu»orl|yt« 
Sfi^^^ dvfc £or iilB m^t^it. giai(2di}C9« this tliodia nDUia not 
hav«i tSQMi ttio i i Jilt a£ tli« day* 
X i!»haXl b@ faiiianj in tsy <3uty i£ Z ^ nut rnaat^ my 
3?atiturlo t^ nf Im^wmta t@aal)ar« Pwait®mi3&e Hmrab Uasan lanisi* 
:ieaLl« L a^partmofit of ;iQolO'jy# ^Uigazti itisilm i%iiiFor8it>y« AUUjach 
far iifovidlim C39 n<3GQa&.-tr^ f:ic3iiiti<m« 
I aiiso owe i.ayiQn3aiy eo fiy oDlicjjyfuao :ir« v»t* t^oxao, 
i!^ .^* saiiEii Juit ID Tor tliodUr vaiuoiilo i^i:» ixi tsm pr@:jaration 
Qg tlii@ thiiaia* 
Z ^»uki alao iilc^ to ^hm0t iHe* 3atlnii Ua3an« 
ir* .^ ffif 4a9f}a» FUs8Vi# Mrs* ^^JBB&adim^si Mmfl (my Htislaiii) and 
othsr f ri«fK}8 i^io aittfays i^etisndai tli^ir hslp^3 ^^ s»^  ta >^ a£t 
various stag^i of this wa»i9c* 
X ows a Mord of € :^«rooi4%ion to Hr* ^liuMft Mi 
for %fpi»4 ths ttisnusoript, HE* a* i it ijts^ .ana i^* asssd for 
ths |ilio«M>9r«|rtiy snd f4r* i'«i<* «l.aia £or l<jiOSliin9 ths photo«> 
grapiis* 
Fiasliy Z sdknoiflsdgs with thsnics ths iinsnoisl 
sssistsnos thst wss so kimSly S3«tsnasi to nis i)y ths Qsuncdl 
of soisntilio and Zndustrisi ^ossarcsh* 
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IHTRODUCTIOif 
Most ti»hem pomBmrn* m good •«ns« o£ sa^ll «fMS «r« 
abl« to (3«t«ct odour with %tm hoXp of a pair of oltaototjt 
orq&rm oonn«et«dl to th« olfactory lob«« of th« bfXn by 
means of olfaotocy ii«rv«s* A «rid« var iab i l i ty in Ui» 
struotura of tha olfactory organs of f ishos has baan otMiarvad 
from apaoioa to «|>ocia8 Mhidbk i s dua to tha diffaranoas in 
thair habitats* ttiis organ i s oi^abla of undargoing raor-
piiological modifioations to adapt aooording to diffarant 
£unctiU»nal damands* Tha olfactory organs of a sp«oias of a 
partioular aoo logical nicha aro fovand to hava adaptad to 
laad that particular typa of l i fa* 141^ tHs lataral l ina 
ayatarn* tha olfactory m^nmm i s a long-ranga kind of touc^ 
in which information i s gatharad from a distanoa* At tha 
saita tiii^« a f i sh may stumbla u|»n a aouroa of odours 
as i t swims around i t s habitat* Tha olfactory organ plays 
a da^s iva rola in bahaviour such BM faading# dafanaa« 
spa«4ming« sc^iooling* oriantatlon and migration* Tha study 
of^^this sansory organ of fiahaa ia of graat s ignif icanoi 
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bttOAUM it im highly Mnsitiv* «na play* «n inportant 
jr»l« in th« lif« of th««« •quatio aniiMls* 
Th« •truotur* and f uootion of %h« olf aotory orgasm 
in f iahM hav« b M » pr«vio«Mly •tudi«(S l»y irmriom «oirte«r«» 
Not«bl« oontributiona in this r««p«ot mtm thoa* of Sataaon 
(188f)« Sum* (1909), Daraohaid (1924>« Van <S«n aax^(h* (1929}« 
Liacnann (1933)« Taidhnann (19S4)« 3ranaon( 19»3)« Oooding 
(1963)« 7faiff«r(1963«19M,19«S)« Banniatcr <19e9)« Hoiilton 
and Baidlar (19«7), Oavitayna (1972)^ Zaiak* li Ai*(1976}« 
living Aiii*(1977)« RahmMi and iChan (1977,1991)1 »isvi 
and Khan (1980), Panday and Sarala (1980) and Sinha jfii j^« 
(1980) • Tha litaratuDca on th« anatoaiy of olf aotory oxgana 
in talQoataan fiahaa haa raoantly baan reviewed •xtanaimily 
eyy mn (19«S), icia«ra}cop«r,(l969) and Hara (197S), whlla 
Haalar (19S7), Tai«hnann (1962) and Mainar (1967) h««a 
eallad for ftirthar ifoxk in thia flaid* A faM pap«r* on th* 
anatony of tha olfaotory organa of Indian talaoata hava 
baan publiahad by Kapoor and Ojha (1972 a«bf 1973a,b) and 
Ojha and Xapoor(1971a,bf 1972t 1973 a,bt 1974) • A ooMparativa 
atiidy of thia •mm organ of ao«Mi Indian fraah ttatar talaoataan 
fiahaa haa baan oarriad out by Singh (1972)* 
Tha olfaotory organ of fiah aarraa — a aanaory 
input that ean aid indetooting food and pr*y(Patfc«r, 1922), 
diaoovaring dangar(rria^« 1941) and raoogniaing rolativaa 
(tfx«d«« 19321 llord«n9« 1971 )• 
TtM hl«tolo9y of thm olfaotory «pith«liui of tUh— 
h M r«o«iv«d vttry llttl* «tt«ntlon «• <XMi9«r«d to oUMr 
ir«rt«ibrat««« iiu»«voui wockor* doacribod th« •tx'uotur* of 
olfiKStory •plthcliin ana thos« ar« Hopkin (192«)« AllUoa 
(19S3)4 Branson <1963)« lanniatar (194S), Oamna and Qoving 
(1969), iClaaraltopar (1969)«ojha and Kapoor (1913 cU Kapoor 
and Ojha (19n)« Hara (1975) and Rahnani and Khan (1980)* 
Reviewing tha «xjUiting litaratura it is obaarvad 
that to a araat «ctant thm olfaotory organs of tha Suxopaan 
flahwi hava baan atudiad* Similar daaoriptiona on Indian 
apaoiaa ara« how«var# not auoti availabla* Sxo^t for tha 
With of Kapoor and Ojna« no Important liork haa Isaan dona on 
Indian talaoata* Tha prasant study ha», tharafora« tiaan 
undartakan to provida a ooaprattansiva aooount on tha anatomy 
and hiatology oi tha olfactory organa of aoma Indian talaoata» 
raprasanting diffarant taMdnomio lavals and varying habitats* 
Tha prasant author has alao wada an attanpt to atudy 
tha naohanisai of wocking of tha aoeaasory nasal saoa and 
thair ralatJonahip with tha olfactory organs* tha coMparativs 
atiidiaa of tha olfactory and retinal ar«as« aa auggastad by 
TaietMMnn (19S4) hava baan dona*Topography of tha brain in 
ralation to tha olfactory and ratinal parta hava baan atudiad. 
Soolegioal ooaffieiant vaa alae calculatad* 
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Til* author omnimd out hmr r«s««rch work on th« 
topXo "stuiS4«i on th« onatoay «nd histology o£ olfactory 
orgaiM of <3«rt«ln fishas** on four fiahaa of diffarant habit 
and habitata« flia aalaotad fiahaa ara aarfaip ationa. 
ma^M Sil&iSUift' *<fV?ffV?ffii ^ yy>4ft<ft4 ^ n^d Cbnrdaraa aanau^> 
Tha haliit and hal>itat« distribution and idantifying oharaotAra 
of thmtm fiahaa ara givan harain* 
^vttff vittatua (aioch), falla undar tha fmily 
Bagridaa* Tha body of thia fiah ia alongata and ia mam* 
what oompraaaad* Haad draim out to a xoundad point* All 
fins ara rathar amalX* Tha caudal fin ia forkad but both 
tha lobaa ara unaqual in aisa* Four paira of barbala ara 
praaant* tlia roatral (ona pair) and mandibuXar barbala 
(t%o paira) ara abou^ aqual in langth and« nAimi laid baQ)i;# 
raacdi tha hinder adga of tha gill oovar* Tho naxillary barbal 
(ona pair) ia longar« which, whan laid baoik, raaoh bayond tha 
vantral fina* Oolouration ia vary variablat dalicata gray • 
ailvar to ahJUning goldan* on thia ground thara ac^ara 
aavaral lovaly pala blua or dark brown to daap blaac longi^ 
tudinal banda* Tha atrlpaa bagin juat bahind tha haad and 
axtand horiaontally to tha tail fini thara ara usually four 
light atripaa altamating with four dack onaa* tha nuiOiar 
of thaaa longitudinal banda diffaraa froM ona locality to 
anotiiar and alao variaa according to tlM atata of haalth* 
Tha undaraida ia ahining whita* rina glaaay« of tan with dark 
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tlp«* 9m* di«t loot ions «rtt not known* Zts aaxlMiwi i«iig|bh 
i s «1oout 7 to 0 inolMW* 
tti««« tiMh— m iMHit «dapt<id £or «n inland and! 
muAeSy froth ttator rosidonoo* Yotijng upooiniono *ro ouitobio 
for tho dcmiottio flKiKuuriiMi* Th««* «r« noatum«Ji fiohoo and 
aro ¥ory slusi^ioh «• «Niil» thoir quartom ahouid bo • • dark 
a* iioosiblo and psovidod with nmoTOua hiding pJlaowi undor 
tangioa of rooto« flowor pota «ir cooonyt aholla* Fooding 
thoao "voraoloua fiahi* ia intmy* Tha^oat l ivo food of a l l 
kind* auc^ aa «arthMarE«ia# alugia^«aggota« •to*^ moat and 
«v«Q aoftonad sollod oata* St oannot brood in captivity* 
Xt la diatributod thsoughout Xiklia* Surma^  Thailand^ in 
atanding and flowing watoca* 
Baybm ytjcpaia Cuviar and ValoiK3i4»nnoa^  boJUmga to 
tho family Cyprinidao* Xta body i s ooeiproosod* isoraal 
prof i l o nuoh nioro oonvox than that of tho abdoiK«n« and a 
l i t t l o oonoavo oiror tho oeoiput* ^^peg jaw i« alighly 
longor* l4»wor l«bial folds intorrMptod* Barbola aro found to 
bo abaont* Tho pharyngoal t.oe«h aro prosont* i«atoral lino 
i s ooii«»le,to* Tho oolour of body i s silvory with i t s baac 
gray groan to browniah and f lanka with a sonowhat bluish 
lusturo whilo undorsido whito* A round blatik blotdh i s 
prosont ^t tho root of tho oai;^sl fin* Anothor siiailar dark 
mafk i s found aorosa tho baso of tho mXddlo dorsall raya* 
•.•tiaw inhftbit th« most ir«ri«cl kind of utmtmt^ 
It i» distributed throughout India, Bucma «nd Sind* Xt is 
oviparous and a vary pl«nti£ul shoaiing £ish« Dua to thsir 
aotiva habits thasa fishas ara kapt in larga aquaria (at 
laast SO iitras) and raquira a loosa aaraan of exoating 
planta and aoft not too pala bottom aoil* Tha planting 
should not ba too thiok so as to leava planty of roon for 
firaadoa of tnovatnttdt* Tha quality of watar is quits un* 
important to thesa fishas« hxA tha watar uMiicih has ba«a 
wXX maturad by planta is prafarxwd* This fish is vary 
paaoaful and is, tharafora, suitad to oc^amunity lifa with 
othar paaoaful fishas* Paading ia sinc^la, as wall as liva 
food and all Hinds of dried food ara qraadily «Mrwourad# that 
is it is omnivorous* AS food it is bittar* 
Famalas in istitura fishas ara mora xobust having all 
tha fins oolourlass, while malas ara with brick red anal 
and ventral fins* Breading is easy and it oan spawn in the 
aquariiM* During the spawning time males bear a delioate 
reddish longitudinal band from gill cover to the root of 
the tail* 
Haloatowa t;.ai>a>incki (Cuvier and Valmoiannas), 
belongs to the fMily Anabantidae* The body of this fish 
is egg shaped and strongly oompreased* The head is pointed 
with thin, broad lips* The oolour is uniformly green silver 
to y«llo«fiah silver with upper sld« dark ollv* gr««fi and 
bally almost whita* Oftan niMaroua dajrtc longitudinal stripes 
ara prsaant on tha flanks* Tha fins ars graanish to gc«y « 
yallow* In haalthy fishas a dark band oomm&cma ma m bmwi 
m^gm to tha antarior part of tha dorsal fin« bands inwards 
in an aroh on tha hindar part of tha fin« akips across to 
tha root of ths tail and a^ain archas across tha postarior 
rays of tha anal f ix» and continues to the leading edge of the 
aane* Eyas are brown yellow* There is a variety of thie f ieh 
vhich is unpig^aentea« uniform dull pink with a pearly sheen 
on the flanks« the only pigment being in the blaOk eyes* Xt 
is difficult to distinguish the sexes* 
H* temmincati has bewn given a popular naaae "Kissing 
Oourttai" due to the habit of these iSj^amm of reciprocally 
touching or graspijfig one another wit^ their w;M!ely • axt^mded 
broad licked CAOII^S^ b«Aiaviour pattern which ie profeMibly a 
form of threat display* 
The peculiar lips of this fish with the fine teeth« 
serve in the first place to absorb parts of soft plants 
together with the taasses of live bacteria and micellular 
animal life hidden among the leaves and stalks* ITte polluted 
water in which these kissing fishes live is often foxmed 
through inundation by enormous dowi^ ioucs of rain« when many 
herbs and plants are literally drowned and rot away* the 
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nfttur«I habitats o£ thM« £l«hM inoltid* v»ry w««dy ti'mrm, 
mtrmmim and ponds ^ irrigation ditchss* £lood«d rios fialds 
and also vsry dirty acoimul^tions of watsr such as drains* 
Cars o€ this ysyally rather timid but rslativsly 
peacsful spSQies is not di££iouXt in captivity* Aquaria 
standing in a rathar sunny position* with flourishing plants* 
a dac9e bottom soil and soms cushions of floating plants* 
provids satisfactory living conditions* providad tha tamper-
atura is kept suitably high (mt to b* kapt below 24^c ) 
as it is warmth loving* ftapid growth cartainly calls for 
a larga aquariun at the outset* Breeding is not difficult 
^nd it can breed in the aquariutt by raising the taif^ pMurature* 
Zt is distribute throughout :ialay P4»)insula* 
thailand* Greater Suiuia Islands* This species is valued as 
a flood fish in its native countries* 
Corvdoras foneus (Gill)* belongs to the family 
CallicAithyidae* The arnaour plates are arr«(iged in two 
lonjitudinal vows along the sides* the i^per and lower rows 
meeting at approximately the centre of the side of the body. 
There are 2 1 - 2 3 Hony scutes in the upper lateral series 
and 19 • 21 in the lower* There are two barbels present at 
eac^ corner of the mouth* The mouth is small and terminal 
in position* At the front of dorsal* adipose and pectoral 
fins* the spines are present* Colouration uniform yellow* 
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bcown to d«Xicat« r«adli*h • hvcnm with • sttong nctalXio 
qlint on tho sldM of th« hoad and laody, «a««titM» shining 
groon# somotimos oappory or» in sunlight 9oid«n« Tho aolour«» 
tion along ttiio niddio of tho flanks is substantially darksr* 
These ^  catfishss inhabit slowly flowing w^tsrs and 
raraly found in standing wators* thess flshss havs thoir 
respiratory syatsm oitmi wsll oidaptsd to an amphibious way 
of liftt« 
Thsss f ishas oan b« easily kspt in th« aquariin 
£>tcau8s thsy «3at food of all kinds and constantly ohsw 
titrough th* aul;a on lOm bottoa* Fsading is sJUnplo* livs 
foods of all kinds, ^psoially womfoods, drisd food is also 
accsptttd* Thsy can livs in tlM tsmporaturti 18-26°C« Th49y 
havs tol«tranQ« of oool t«Rp«raturo« ttui breading in tho 
captivity is not @asy« thsy ar« undsr 3 inchss in langth* 
Thsss fishss ars widsiy distributed in ths inland 
watars of South Amsrioa and Trinidad* 
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A oontinuovas Clow oC information rogarding cftianges 
in tliMi enviroittMHAt laust reach ttm central n«irvc»«ii9 0^t«ai to 
maintain thA noctttaX iif«i and to adapt aooording to th* n««d 
o€ ttui iKKMHTit* itMi instrtiiiQnt* for r«giat«ring and iMiaauring 
•uoh (Aang^a aro oallod racaptors and thay nuat ba in oloa* 
oontact Mith tha anviromiant* Ttiay are* therafora^ ttia 
aaaantial anviroikaantal orjana tmic^ raaka an organiaa aw r^a 
of ita aurroundJUiga* Ttiay reoai^m and changa ttia outar stimuli 
into a«naory in^ulaas whid^ ara tranamittad to brain by 
aanaory narvaa* Xt ia tha brain iirtiara theaa id^ulaaa ara 
intai^ratad* 
Tha rac<4>tor ayatan can tim dividad into twa najor 
•jcoupa* Tha ona« whicfti ia laora or laaa dif fuaad ovar a 
larga araa« ia oaliad tha ganarai aanaory ayataii* Xt 
cxMMpriaaa tha raoaptora in tha akin» jointa« akalatal 
nuaclaa and intamai organa* Tha othar« «^ioh ia looaiisad, 
ia kno%m aa apaoial aanaory ayatara* Thia oompriaaa organa« 
aucd) aa ayaa« noaa and aar* 
8«naory r«c«ptors ar« nainly of thr<Mi typm* t 
c»i«mo««n«ojry (olfaction* tMt«« «to*)i phy«iao-a«n«ory 
(photo»r«o«ptioii« tl)«xno-»r«o«ptloi} ato*)! amS mac^ano* 
aanaoryCpoaltlon* motion* ata») 
Tlia via ion ia taoat important in ac»i« aniiaala t^ila 
in othars olfaction playa a aignificant rola in oonatgtntly 
infosming tha changMi occurring in abiotic and biotixi faotora 
of axtamal anvironnont* Tha lifa of tha fiahaa ia antiraly 
oonfinad to aqiMoua anvirofsafHit whara chaRorao<^>tion playa 
a najor roia* tha c^acalcai atimtiii in fiahaa wcm datactad 
through at iaaat two dif faront c^annoia of c^aaoreooption, 
olfaction or atnall* and gustation or taata* Tha aanaa of 
olfaction aniix>diaa a nunhar of apaoial featuraa* Tha eaaantial 
onaa ara axtranaly high aanaitivity* ensuring paroaption of 
tracaa of atiraulua* and alo«f adaptation* auoh that a givan 
ataall nay continua to function aa a aignal for aootatifna* 
saoauaa of thasa propartiaa olfaction in fiahaa playa a 
aignifioant and aomatittaa daciaiva zola in faading* dafanaa* 
apawning* aohooling and migratory bahaviour* 
Tha diatinotion hatwaan olfaction and tasta in fiah 
ia not alwaya aa claar aa in tarraatrial organiama baoauaa 
in f K h toth olfaction and taata ara laadiatad by diluta 
aquaoua aolutiona* In tarraatrial air braathara* tha highly 
aanaitiva and apacifiad raci^tora ara diatinguiahad aa 
olfactory raoaptora %ihich raapond to ¥olatila matariala 
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and ar* distant cdiamioal rso^tomi* Th« r«a^E»toni having 
taod«r«t« • •ns i t iv i ty tuem atimttlatttd by dilut* solutions 
And «rs usually sssocistsd with fssding« ars oonsidsrsd mm 
gustatory or oontact c^amioal rsosptors or tasts r«:i^ptors« 
Ths struoturs and function of tJ)« olfactory organs 
in £ish«i havs bs«n studied by various worlcars* BtA sarlisr 
woi^ars havs paid vsry l i t t l s attention to tha olCaetory 
ojpgan as oomparsd to othsr organs* important contributions 
regarding the olfactory organs of fishas ars those of Sateson 
(1^9)« lucvie (1909)« Liecmann (1933)« Allison (19S3)« 
Teic}vnann(1954)# Hagelin and Johnels (19SS)# Klearadtoper ^n^ 
Brkel <1960>« Branson (1963)« Oooding (1963)« »feiffer(1963« 
1964« 196S, 1968* 19691/Xwai and Makamura (1964)« bannister 
(196S)* Houlton and Beidler C1967), Ki^ o^or «nd ojha (1972 a# 
b»«i 1973 a#b| 1974)« OJha and Kapoor (1971 a«b| 1972t 
1973 a,b«c» 1974), Devitsyna (1972)« 3eiske j | ^ j ^ . (197ft) 
and O0ving ^ ji^ * (1977). 
l^ie olfactory system in a l l vertebrates i s built 
essentially on the saiMi basic plan* The reciq^tor ce l l s 
present in the nose detect the odorous substances in Uie 
air* The nolecules of ttie odorous s«dMitances in the aquatio 
mediue are spread by diffusion in water* The water in which 
such Molecules are present« when reacfties the nostrils« the 
fish s«uies i t by sensory reci^tors* the flK>leeules i^ich 
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rttftai th« ttmptot o*lU nighti bm v«ry f ow in nuib«r ismamvmm 
o£ UM ptofus« di€€utiofi «nd dilufeion of th« odbxoiM siabatano*** 
PialMs h«v« d«vttlop«a mxkrmamlr i^ igh olf 4ctoxy ••nsi t iv i ty 
In ord«r to tmsur* p«ro«ptlon o£ trao«« of stlaitut]** 
For « long tine t)i« •xiatieixje in fish of olfaction* 
ind«f>«)aent of taat«, wa« <iiaput#a« n&gml (1894) and a nunbar 
of othar authors thought that a c^araotoriatio proparty of 
olfiaetion ia tha paroaption of gaaaouM subatanoaa* thua* in 
thair irieur rnmnBm of olfaotion can not axiat in f i ^ Mhicdi ia 
an a^uatio aniroai* itiay proau»ad that in fiahaa tha olfactory 
organ doaa not aot aa organ of oif action but aa organ of 
taata ainoa atimuiation takaa piaca through thm au^ Kitoffieaa 
diaaoXvad in watar* 
Harrick (1908) worlcad on tha ralation hatwaan tha 
gustatory and olfactory narvous ayataras in fii^« Ha cmm 
to tha oonoluaion that tha two organa ara aaparata and 
can ba distinguishad in tha atruotura of thair pariptiaral 
a|^ >aratua and oantraa* Ha (1909) pointad out that tha 
olfaetory racaptor balongs to tha oatagory of distant 
raeaptors and haa axtarocaptiva proparties « whila tha 
guatatory aanaa ia looalisad mainly in tha oral cavity and 
haa no ralationship with tha skalatal ttuaculatura* 
Uaxcull (1S9S) oonfimad tha aaparata axiatanca of 
olfaction and taata in fishaa* Ha ramovad tha apithalial 
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lining o£ tli# ol£ttOtory sacs in th« sharlc (Miwf iu» auttlm ) 
and QtMtvdi that th« oontcol and op9rat«dl «nl^ai« Mhow 
a significant diCfaranoa in tha bahaviour whila saarching 
thair food* Tha qontsol ahadca found no difficulty in 
locating and catching thair food, urttartaaa tha oporatad fiah 
apant a lot of tiaa in tha aaattdn and took groat pain in 
doing ao« Ha furthar obaarvad that oontrol aharka qui<^ly 
looatad and caught sardines whidt) %rars donsaly ooatad with 
quinine but then icnmediately discarded than* 
Parker (1910«1911> oonficmed Herricks (1903) 
conclusion in hie eitperiments on dwarf catfish (Ameiurua 
nebuloaus ) and Fundu^ua tet^y^g^^yt that olfaction is a 
diatcmt rec€^>tor« The oontrol fish easily diaeinguished hags 
containing food from those without food* tfhen the nostrils 
w*re switched or after intero^tion of the olfactory nerve« 
the fish lost its ability of distinguishing po%fer« As soon 
as the stitches wero reoioved the fish could again distinguish 
the bags* Siiailar findings were observed by Sheldon (1911) on 
Hustelus ase^ and Copeland (1912) on .^ lar^ ffffAOi ^ SSmliSiM* 
There was no basic differwiKse in the olfaction of 
fish and other vertebrates as observed by Sheldon (1911)* 
Later Parker end Sheldon (1913) concluded that olfaction 
and taste differ not only with regard to Uie quality of the 
stimulating substances but also in their concentration* 
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Organs o€ ol£«otion in timh p«ro«iir« very dilutad aolutions 
and tlMi organ* of ta«t« s»«ro«iv« mor* aonc«ntrat«d mixturo** 
^triOk (1924) provided Curther evidence regarding 
thm existenoe o£ olfaction in fish ind«p«ident o£ taste* 
in his eacper^ent on trained minnows he foimd that i«hen the 
€orei»rain where the olfaotory centres are located was removed 
froia the £ish« it was observed Imijossible for them to detect 
odorous substances althoi^h they could still perceive taste 
substances* v^cording to Stride (1924) the (^«aical pzoperties 
of the stimulus brought about the difference between olfaction 
and taste and not the oancwntration of substance as was 
presixaed by Parker and 3hel^n (19i3>* 
Fishes possess a pair of olfactory organs usually 
located on the dorsal side of the head* generally in front 
and slightly above the eye* each olfactory organ op«Eis outside 
generally through two openings namely anterior an6 posterior 
nasal openings which act as inlet lotd outlet for the water* 
The nasal sso is lined with the olfactory ^itheliiM« w^ich 
is generally raised from the floor of the org«i into a oompli* 
oated series of folds or laiaellae to form a cosette* The 
rosette remains battled in water all the time* The lamellae 
bear sensory cells whic^ perceive the odorous substances of 
the water* In some fishes olfactory organs have conspicuous 
accessory sacs for the purpose to facilitate the circulation 
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of w«t«r in th» olfactory organ* 
Th«r« ar« oonsidaraoX* variations in 0ia«« location* 
•tructura and dagraa of davalopaaot of tha olfactory organa 
in talaost fiahaa* ^Ithoi;^ tliara i s no aottansiva ravian of 
tha nasal anatomy of a l l spsoias^ aavaral studias dascriba« 
or raviaw numerous «paoi«s and thoaa ara Bums (1909), 
Liarmann (1933)« f^atthas (1934), Taiohmann (1954), KoU (196S)» 
Singh(1972), t3oiska(1973,l9t4), ftahmani and Xhan (1981)* imila 
Chabanaud(191'7), L.aibach (1937), Saton(19S6), ahargava (1959), 
Johnson and Broitn (1962), Branson (1963), Pfaiff«r (1963,< 
1964,1968,1969), Davitayna (1972), Kapoor and OJha (1972 at 
1973 a,b), Ojha and Kapoor(197l a9l972fl973 a,b|1974), 
It^ imani and Khan (1977), niwrl and Khan (1980), Panday and 
Sarala (1980), Sinha jH^ j^ j^ * (1980) considarad ona spaoi^i in 
datail* Klaar40u>par (1969) and Hara (1975) liatad nunarous 
citations daalingi with tha anatomy and davolopmant of tha 
olfactory '^ apparatus of savaral spacias* 
Batason (1889) daaoribaa tubular c^aractariatios 
of antarior nostril in a faw f iahaa tdiich sai^ thair food 
by soant* Such fishas ara CgmaSE • ^IKry4Ui* ik9B2idB9MSa£« 
aplaa ate* Thia tuba ia tfall davalopad in Oonaar i^ara i t 
ia siiiq;>la, straight and procaada bayand tha surfaoa of tiia 
noaa* in aals i t consists of two flaps of skin* In tha 
rocklings i t takas tha form of a vary short tuba* Uia 
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dorsal Adg* of i^ich 1« ptoaucsd Into a long barbal* Th« 
antarlor nostril of losohss and LsoadOQaafr rsssnbls that 
of rocscllng* But hara tha tuba stands up mora vartieally 
from tha tiaad and poatarlar adga of tha iq^rt^ra ia not 
produoad into tha t>arbal« hot is bant ovar to form a kind 
of hood* 
Ch) tha basis of tha arrangamant of platMi, Batason 
(1889) diffarosotiatad four typas of olfactory^ folds ; 
<i) In sHata and dog fish« tha plat<ui are arranged in a 
radiating manner on tha inner side of hollow o.!qc»sule« like 
s^ta of on ort^ ange; (ii) in conger and eel« the plates are 
arrahged in ttro rows on eac^ side of the central ra^ i^ ie, vpon 
which the two tows are fold»J longitudinally so as to focm 
the lining of the olfactory tubei (iii) the third type of 
olfactory organ # of whic^ second is a {oodification* ia woat. 
ooranonly fotmd anong fish* In it the plates »f arranged 
together in a radiating manner forming convex eminence in 
the olfactory chamber* The whole organ ia either circular 
<«• in Ootto* ABd SaSaiJk SSII&iJki > or elliptical (aa in the 
mackerel)« acocirding to the nuaber and ah^iNCMi of the plates of 
which it is eoi^^sedf (iv) in all the species of yieuroneotus 
examined* as well as in Hipcealessus vulaarla (the halibut)« 
an entirely different arrangenant ia seen* Zn these fishee 
only one row of olfactory plate ie preaant* The platea thus 
arranged in a single series lie in a direction parallea to 
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th« long axl0 of 'th« body« and not tran«v«r««ly to it« •• 
th« majority of thmm do in ottMir types* 
B«t«»on (1889) divided ttM flshwi into two cat«gori«« 
on ttM basis of th«ir rsaotion to foodi (i) son* fishos 
hunt thsir food by th« h«Ip of aighti (ii) ithils sotMi ssak 
their food by th« h«ip of acsnt* St might b« «xp«otsd that 
th« olf aatory organs should bs wiitll d«v<elopad in ths f ishss 
that asaroh thsir food by scant as ocmparsd to thoss that 
hunt by sight* But this is only partially trus* Tojt thou^ 
ths grsat dsvalopsasnt of thsss parts in sals* oong«r« and 
Blasnobranohs is aoGNMpanied ~ by an acute sense of ftMll# 
yet in thm rocHling, loach and the sole which also sealc thmir 
food by sc@nt# the olfactoiry organs can not be said to be 
proportionally more developed« wt they are in forms whic^ 
fe@d iyf sight* stKi^  aa the plaice and pollack* 
According to aume(l909)« **the olfactory chamber 
differs comparatively little in shape and relative sise« and 
in nearly every case ocK2us>ies a constant and fixed position 
with regard to the bones of the skull* being lodged in a 
hollow in the ethiaaid between its points of articulation 
with U M palatine: and lachrymal bonmi'** He further reported 
that the nostrils are perhaps the tfost variable part but 
this variation is correlated least with natural affinities* 
tHe anterior nostril liss generally just above the rosette 
so that the incurrent water May play directly Mpon the olfactory 
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mmmhrvnm^ But when Ui« sos«tt« i« •Iongat«<3 as in tiMi X«l«« 
Si&ucoid* and aomm Pl«ucDn«ctids# tim nostril opans in £ront 
of and not abovs it* 
Sum«(l909} raportsd that th« antarior noatrii is 
uauaiiy aora or laaa tubular•eapaeially in tha loi««r Talaoatai 
(cala, aoraa siluroida. A^fiitfgf and Oi?^ Aff^ ?fgnf^ Vi > • swt 
tha tandanoy towards tuba formation is so widaly distributed 
and variabla in its ooourranca and «3ctant that it probably 
has littls to do with natural affinity* In aoraa gxotQis# 
notably tha Cyprinidaa and Oadidaa« tha hindar wall of tha 
tiftNi is alavatad to fom a valvular flap* Zn othar girousMi or 
saparata Qanara (Harluqoius, gfox. Saloonidaa. Clupaidaa ) 
this may ba augmantad or raplaoad by a sicoilar dovrmtard 
prolongation or curtain that dipa into tha olfactory cavity 
abova tha cantra of tha roaatta* 
Bums (l909)raportad variations in tha posterior 
nostril but this variability also dapands littla upon 
natural affinity* It is of t%fo t:n>** > (i) simpla opmn 
parforation flush with tha surfaoa of slcin« tihich may ahow 
considarabla dif faranoas in sisa« but is ooononly aithar 
circular« oval or crwKaantic in shaqpM* (ii) a alit or pin 
hola iihioH is closad by valvas* tha oraaeantie ahapa is a 
charaotariatic of tha Salmona, Harrings •nd Carpa* Tha oval 
or circular form ia common Ui many groupa but it is not 
ragardad aa charaotariatic of any* A valvad condition is 
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nost QOMnon In tbtt fi«h<M provided with «oo«ssory RMMII ••O«« 
on thm iMMls oC arehit«etur«l patterns« Bum* (1909) 
di9tingulah«d thr«* typ«s of tti« olfactory co««tt« «nd 
ola««lfi«d than in ooltrui* and typm» of a«t«»on (1S89) $ 
(i) oval ahap* ia moat oc»««>n (Bataaon'a typa it 8uca«*» 
Koaaitta Caiuan t)$ (ii> ciroular eoaatta obaarvad in 
tha eantra the laiaaiXaa radi«ta in all diraotiona (Bataaon'a 
type 3| Siima*a i^aatta Golimn llDt (iii) alongatad in 
Eala* and to a laaa aictant in tha Silucoida and tha aola« 
whara ttM axia ia langthanad and tha lanallaa ara aat in 
parallal varies at right angl4w to it (Bataaon'a t^pm 2$ 
Buma*a nosatta Column X D * Spaoiea with elongate xoaette 
have wall davelopad olfactory faculty ixKsause the nwiber of 
the olfactory lasnellae ia numiroua* Fishea with round roaettea 
normally ho^ re only a few laoMllae and usually ahow poor 
olfactory perception* Speoiea having oval eoaette are oK>at 
ooBkaon «nd stand intermediate batwewn the two* 
Bume <1909> aaparated the aooeasory aaea into three 
groups for convenience t (i) A aingle aac directed anteriorly 
frota either atove or below the roaette* (2) A aingle aac 
directed poateriorly towards the orbit* (3) Two aaca 
(ethmoidal and lacryaal nasal sacs) with very definite 
relations to the ethmoidal and laorymal regions of the f aee« 
and oonatant alao in their point of entry into the olfactory 
ohanber above and below the hinder end of the roaette* 
Th« acc«iaory sacs ntmtm ob0«rv«d for thm first tim^ 
in fl«h«a by Scott(i087) who b«ii«v«d tn«ni to b» hooKslogous 
with Jaoobtion** organ* of high«r v«rt9brattt«* 
Solg«r (X894) waa th» fir»t paraon who p»int«<3 out 
that altamat? axpanaion and oontractlon ayncSironoua with 
tha respiratory raovwaenta causa tha watar to flow in and out 
of tha olfactory c^ambar* 
Kyl« (1899) corral atss tha prasanca orabaanca of 
accasaory aaca with tha habit of fish* According to him tha 
accasaory aaoa ara adaptatlona in fishaa which have acquired 
a sadantary or somi-aadantary lifo* Thay ara prasont in 
aluggiah or bottcm faeding fishaa* but absant m actively 
swlxnreing ones and raigratory fishes* Ha further reported that 
theae sacs secrete mucous and are not siniple rasarvdlrs. for 
producing water currenta* 
Saton <19S6) naraed ttm two accessory sacs aa 
"atlvnoidal* and*iiedial** potK^es t^ icdt act as wauir puap during 
the protraction and retraction of the upper jaw* He suggested 
that they are mechanical rather thwri olfactory in function* 
H9 further added that theae atructurea do not ^npireciably 
aid in drawing a current of water acroaa the olfactory 
chamber through the anterior nasal openingi on the other 
hand they cause constant atirring of water in tlut posterior 
part of the olfactory chamber« thua prevanting accumulation 
of debria there and« at the aame ti»e« maintaining a gentle 
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flow ot %fat«r ov«r th« olfactory l«MiXX«tt« 
Limxmmtm (1933)« Oao^lng (1943) and Watiiiig «nd 
Hilianum (1964) mrm of th« opjynlon that though tha aooaaaory 
•aoa ara lirUcad ttith tha olfactory ohvabar* thay do not hava 
tha aanaory apithaliim* On tha othar hand* Oohnaon and Stotm 
(1962) in Sabaatodaa ma^^noof raportad that tha tuo aaoa ar» 
axtanalona o£ tha apithallal cavity and lia in cloaa contact 
with tha jaw honaa* 
Otran (ld66)« Buma (1909)« Van dan Sargha (1929)« 
Mattb@s(i934)« AT^(19S2)« Sataaon (ia89)« Chal3ana^(l927), 
Kapoor and ojha (1973 a«l>)« Ojfha and Kasioor (1973 h), 
Z0iMkm (1974), Kara (197S), m^im j ^ M * (1977) and Rahmani 
and Khan (1977) alao oonsidorad th&t. the aocasaory aaca halp 
in Ijnspiration ma ast^iration of watar through tha olfactory 
che^har* 
Rahtaani and Khan (1991) obaarvad that wotkix^ of tha 
ath09K>idal and lacrymal saca i9 indapandant of aach othar* 
^xpanaion of tha two aaca ocoura ai^chsonoualy* According 
to thaoi tha praawMMi of tha aaca ia prohably daiMMKlant on 
tha protrvwihility of tha ^ louth aa wall aa on tha ganaral 
configuration of tha haad* 
friach (1941) claasifiad tha fiahaa into two «roui>a on 
tha baaia of tha larga diffaranoaa in olfactory ability in 
diffarant apaciaa t (i) tha fiahaa i^ich pofaaaa a wall 
davalopad olfactory organ ara catagoriaad undar Aacroamatio 
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group* such «• in •lamiobranchs and nost M I S I ( U ) and 
thos« Which h«v« poorly d«v«lop«d olfactory organ «r« placed 
in microMiatie groMp« auch aa in pi]co« flying fiah, atickla 
oackt pipa fiah and anglar fiah* This claaaificdtion haa 
alao baan accaptad for aniniala of oth«r classes* 
Tho pairack olfactory aaca ar« locatad on tha oantral 
aurf dca in aharks and rays and on tha doraal aurf aca of tha 
haad in aturfaon and bony fish* PairacS olfactory sacs in 
aharks ara i^ laced at dif earont distances fconi the taouth i 
in ;!io9t speoi€ia thay separate from it« in some they opmi directly 
into the mouth or communicate vfith it through the oral nasal 
grooves (Allis* 1919)• 
According to Hara (1975) the paired olfactory pits 
are usually located on the dorsal side of the head* 'Stie 
olfactory pits are large and elongate in eels and laorays 
(Anguillifortnes) coctemling from the tip of the snout to Uie 
eye orbit and they are believed to have the most acute ttmn99 
of saell* 
2n contrast« certain puff era (Tetrod^ntidae) which 
are highly visually oriented reef fishes« have coMpletely 
lost the nasal sacs* ^iedersheini(1887) reported that by the 
elevation o€ the floor and the subsequent rupture of the 
bridge between the nostrils, the cavity may be everted and 
the organ is transformed to a bifoliate tentacle(Tetrodbns}« 
These hollow tentacles are lined inside with olfactory 
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•pithvlium* Such €$Mh»m ««• pcovldad with v«ry reg,r«s»«<l 
Ottp«oity ot ••nmm of M M I I . wi«d«r«h«i« (1887) wtotm m full 
•nd iiiMxwstin^ •eoount of « Mtri^w of stagMi in th* aog«Mr«» 
tioii of th« oifaetory organ of Pl«otogn«th«« traoing it* 
transformation ttxm « aim^iit oonosvity of tha noraai typ* 
to th« condition of a aplit. tantaola in whicm th« olfactory 
taambran^ is fully asipoaadi* "Hhm apooias daaoribad art Tatradpi^ 
nizvi and Khan (1930) in £^ f!g(„«aan SaSOSM **«v« ratainad 
tha nana olfactory flapa to 3uma*a (190^) bifoliata tantaolas 
baoausa tha tantadaa ara alandar* alon^atad parta iri^ ila tha 
ilmp9 ora bioad* 
aarahall (1967) gava a datoilad ac;»w)t of tha 
olfactory organs of bathypalagio fiahaa* tha two moat auocaaaful 
groups of bathypalagiUs f iah^ aa* otratlodd anglar f iahaa and 
Cvalothona 9pp*« hava avolvai diatinct aaxual dimonrtiiaa in 
olfaotory organisation and si^* tha :aalaa hm'^tm larga olfactory 
organa hut in famalas thay ara «aall or ragraasaJ in all 
apaeias* In a few groi;^a* for «)C«spla« Lysaiari* SXMM* 
Amcattina ate** isoth aaxaa ara <nieioaaatio« tha maezoamatio 
laalaa ara ohaarvad to get attraoteJl to tha acants of thair 
mwiHx largar fanalas* tha aoant is avppoaad to ba MoaHaaieally 
paculiar to aac^ apaciaa* tha slow moving famalaa laava 
bahind than spaeiaa • apacific scant which ia parcaivad and 
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£oXlo«f«d tjif thm ••arching {iial«s« 
£ach oi£*otory organ oon»l»t^ of a cairlty lln«d with 
tiM oifaetory «pit)¥ilium« th« •ur€ao^ of whidh i« inor«a»«4 
b«caiMM of th* fon«4tion of fiol<3Ui* th* arrangacnant^  •hap« 
and amgemm of d«v9ios9tiiant of ttm lan^llaa or folds in thm 
olfactory xo»«tt« of bony limh varias significantly from 
oi^ «Qia» u> •paoiwt* TifM fold^ aignifioantly inoraasa th« 
aurfacMi of ttia olfactory organ • 
SctmalhaMaon (19621 ol»9«rv(eKl in aom« fi«htt»« for 
•acjsmplo, in th« gar fish« gwpy^ Sduid mmX and tubular mouthed 
fish# a radi^ad nueabar of folds ara praasnt or thoy aro «ven 
complot«ly abaant* 
Thet nutabar of folds in tha olfactory organ varying 
imm 20o27 was found in sturgeon (Scbmalhaua«n« 1962) f 90 in 
Japanseaa ^al <3hibuya« I960)f 70 in J>tf!<a^ 4Uf i^ QSMUiU 
(Teichaann, l9S9)y 34-36 in breatn (Sodxova* 1962}i 27*30 
in sandar (Bat'and aodrova* I963)i ll«xa in salmon 
(Tttiolmann« 1954i £»f«iff«r« 1963) and mors than SO fold* 
hav« ba«n racordad in burbot (T«ichaann« 19S4| liodcova i960). 
vtundsr(l9S7) oba«rvad 2 fold^ in o^stsyoft^u^ aculaatus, 9*18 
aairdn«ri , 30*32 in Jos^t iS£ l ' *^90 in iSDtSUimft JfiaSi^ UA* 
Pfeif€«r(l964) ob^^rv«d th* largest nunbar of fcids 
m olfactory rosatt* of Haoloyaorua ajjssJSiJ2ll* In individual 
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•p«elnena with a length o£ 480 nm th«y may number 230. 
He preeuRttJ that the developnant of this large nmber of 
folds is an example of adaptation in oompensation for 
the poor sljiht which has developed due to the natural 
oonditions in which the fish lives* 
The development of the lamellae begins oauded and 
progresses rostrad* Hence the newly fonned smallest lamellae 
are added on the anterior part» while the largest and the 
oldest lamella lies most posteriorly* fCapoor and Ojha( 1973a) 
olMierved that the addition o£ new lamellae takes place at the 
two lateral ends in Channa pimctatiw^ t^ere the lamellae in 
the olfactory rosette are arranged with their long axis 
parallel to the antero->posterior axis of the body* 
The number and size of the folds increase with age 
(Sc)»ialhausen« 1962f ?feiffer« 1963, 196S)« Thus the olfactory 
capacity of the fish of given species is considerably increased 
by the formation of new lamellae and by the growth of those 
already present* But this correlation may not probably be 
always true* ?or exa^ aple in salmon(TeicYvaann,1954f i^ feiffer, 
1963) the ntmber of folds in the olfactory sac is not very 
highf but the olfaction is found to be highly developed* 
Pandey and 3arala (1980) observed a peculiar type of 
olfactory rosette in Haroodon fiehereus where the small sub-
rtkphm radiates from the central raphe* These sub-ri4>he in 
turn bear further small bifurcated branches and thus externally 
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•ppMT M « ooMVound iMf • th« olf«otoxy •pitlMiIliii aov«rs 
th« cii^rapii** th« bi£itro«t«d braaetss eontina thm «k«l«t«l 
iwiA nock of « l4Mf« •aeii of tiMM* i s o«ll«A • i«MXi«» 
TtM pticpoao of •iMh fo«««t« im to inoroMO UM surf«O» mxmm 
of tho olfactory «pitholluM* 
T«ictMi«nfi(19S4} «#«• tho f i r s t ifho fou^^ ««aoiid«ry 
foldings in ths oifsotory i sns l l s s of rsintnit txout* As Us 
WAS tmsbis to oonficM stiali fin<ito9S in ttis frsiA mstsrisl* 
nsnos ho tnougrht thoss ssoondsry folds might bo an srtsfsot 
cs«MMid by f ixstloa* l««tsr ths pirsssnes of soKiondsry lamsllss 
HTM oonfixntsd to S>aoifio salsKin* Onoortiyncliys spp« ss wsll 
«s in rsintaoii txout <Pf«iffsr# 1963) • Zn ssJbuon and tfout of 
length ranging fron 40 cm to SO on* about S • 10 sa«»nKlary 
foldings wsrs obssrvsd on saoh lanslla* Stit ssoondary foldings 
i#srs fbund to bs absMit in saliaon of Isogth IS on* 
Ssoondary foldings ars also obsscvsd in grayling 
(Watling and Hilianann« 1964)i Baltio ssa trout# Sijyxt 
SClfiil i c & U (Moll, l»4if Bsrtaiar, 1972 e>f Atlantic 
salflMHi# ••saifT (suttsrlia and «iitt«rlin# I97i)i |fity| iSift 
(osvitsyna,197a)i brook trout fjliffllflW |gW%4BilU •»«» l*ks 
Mhits fish (Hara gjtMk'* l*73>f 9ar f ish, Vfil^ LWft^ f .pfSiM*«i> 
J&Ji^ *« 1974)f sharks (Matthss, 1934) and m dipnoi, 
ll««>oaratodus. %tp4«iBf|ffm, fg^WM f^fMI (Pfoiffar, 1949). 
Ths surfaos of ths olfactory spithslius i s incrsassd 
by ths focwation of asoondary foldings on ths primary lansllas« 
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HotMVttr« Pf«iff«r(l9«3)f B«rtnar (1972Q)I H«r« jfi^  j|i«(l973) 
And 8««hor fH jj^* (1974) obs«rv«d th«t th««« folds 4i> not b«v« 
tlM r«oiq[>toir •pltlfMliun* £v«n so^ foldings of tli* 1«M11«» 
inorMS* sff«etlv« mm of th« spae* in tH« olf«otory etiwubwr* 
i#hi<^# in turn, mmmm to rssult in an «v«Qtual inor^MS in 
total olfsotory ofi«»aoity* 
Haslor (1966) aft«r haxd labour of 20 yaars in his 
{x>ak *Urid«r watsr Quids posts" smbodiss his original findings 
on ths olfaotion of fishes and i t s cols in oiigration* H« 
okMMirvsd that olfaction pl&Tf a dsoisivs sols in ssarcO) of 
"nati've" rivsrs by the salmons in thsir spanming calgration* 
7siQtMiann(19S4) elassif isd fishss in thrao groups on 
ths basis of ths dsvslopoiant of olfactory and visual faeultissa 
( i ) sys^noss fishss with squally wall dsvsl« |^^ sd optical and 
olfactory facultissi (2) sys fishes ttith a prsdoainantly 
developed optical facultyt (3) nose fishes with a predominantly 
developed olfactory faculty* Tei<^imann(l9S4) also aads an 
attenpt to calculate and coa^are the retinal an6 olfwi^tory 
areason the basis of which he categorised the fishss into 
ttlcrosnatic (eye • fiirti) and fKacxosMatio (nose fish)* Ne 
further attea^^ts to link this classification with 8ateson*s 
(1889) and aums*s (1909) categorisations of the olfactory 
reissttes into various Morphological typss* thus he links the 
oval sosette (Bateson*s type 3r Sume's itosette Cclunn Z ) 
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with his f i r s t grotip o£ eys-nos* fisheai the circular rosett* 
(Bdt99on*» type 3i 3ume*a Ros«tt« Column XII} with h is 
sttoond group of eyo £ishesy and th« elongated rosette 
(Bateson's type 2 | aume*s Roeette Column II) with h is 
third grotjp o€ nose flishes* 
Devitai^a (1972) described the olfactory organs of 
the members of tho family Oadidae* The two marine species 
GadtMi morhm and Bleoinua navaoa were oon^ared with a fresh 
water memoer of the f asnily lota lota by him on the baais of 
his to logical atri^ture and the cKsological ooeff ic ients and the 
s i z e ratios of the different parts of the olfactory analyser* 
HQ found numerous adaptations in the olfactory receptors due 
to the ecology of the fishes* He suijesteJ that the olfactory 
epithelium of the marine species diffara frsm thsae of the 
^resh water species in possession of numerous secretory 
c e l l s which are apparently connecteJ with reception in sa l t 
water* 
iialyUlcina $&. al* (1965> reviewed the worfc on the 
morphology and functional pacul iari t ies of the olfactory 
organs« and significance of olfaction in feeding* schooling 
and migrating behaviour* Other imsx>rtant reviews pertaining 
to ol fact ion in fishes Include those of Hasler(19S7)« 
Teichmann(1962}, KleereKoper (1949} and Hara (1975)* 
Recently* Kapoor and OJha have described in deta i l the 
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nofphology and CuitetloiMl •natoaqr o€ t h * oif«atory ovgwis 
of imt Indian t«iaost« • Huy^ana undulafca (1972 a)« Chanifif 
Hocaovar OJha and Xapoor daa^ribad ofcbar iiahaa i qara 
( i973a) , y^aSL JES22JL&ft a973b) and SJ>lg£ gtf?<tgg>WCffli(^ »'y*>* 
Thay ot»aacvad that tt»a antacior opening ia aXwaya ttabular in 
ttia f iahaa in ithSxM tha antarior and poatarior opaninga of 
tlia olfactory organ ara a^aratad by aoaa diatanea* Aeoording 
to Bataaon (1899) tha tubular antarior opanina* «xa oltaraetaxte 
iatif i» of fiahiw Having na i l davalopad olfactory faculty* 
But Kapoor and Ojtia (I972ail973a»b) and Ojtia and tci^ poor 
C1971 a» 19721 1973 a«bi 1974) <to not oorralata tha i r 
f indinga with thia aapact of f iah bahaviour* 
Pipping (1926) ahowad tha oloaa ralationahip batwaan 
tha olfactory oapaoity of fiahaa and tha natura of tha 
MoipaMant of watar thiough tha olfaotory aaea* on tha baaia 
of thia ralationahlj^ ha dividad fiahaa into four groupa i 
< i ) tha flow of watar paaaaa t h r o u ^ tha olfactory aaca only 
at tha tima of forvtard aovamant^ ( i i ) tha navawant of watar 
ia eaiMad by tha act iv i ty of aooaaaory aaeai watar antara and 
OMiiaa out thfough both tha noatrila« that i a tha unidiraetionaX 
flow of watar ia abaanti ( i i i ) hara tha MachaniM of water 
novaiiant charactariatiea of f iah of tha aacond qtow Aa 
ai^planantad with tha unidiractional wovanant of watar at 
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th« tliM of respiratory pass«s, which ar* caustti by th«i 
activity of th« ciliated apithelimi (iv) th« flow o£ water 
tak«« place constantly from the anterior nostril in a back* 
ward direction which is bEought about by the n^piratory 
roovemont and ciliary activity* He ooncltidie<3 that in t^e 
fishes belonging to fotirth group, the olfaction is highly 
developed which plays dk significant or even decisive role 
in locating the food* In fishes of the first and seoond 
grbi;|> olfaction is weakly devolos>ed and does not contribute 
to the location of food* 
Bume (1909) concluded three ways by which a current 
of water oiay be brought to play upon the lamellae of the 
rosette i(i) by the action of cilia within the anterior 
tK>9tril and tJpon the lining membrane of the olfactory 
chamber« (ii) by Uie deflection of water in^ the nose 
cavity during forward progression* (iii) by the alternate 
dilation and compression of accessory sacs connected usually 
with the hinder part of the olfactory chamber* 
qpiving and thooniesen (1977) have distinguished two 
gtox^B of fishes, isosmates and cvclosmates* In the fotraer 
group ciliation of olfactory epithelium is responsible for 
the water circulation, but in later the accessory olfeatory 
sac can undergo contration and e^q^nsion in relation to 
respiratory and mouth moveraentsi these volunM variations 
force water Co pass over the olfactory epitheliue* 
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Osrivot and (3od«t (1979) ptopomm to modify th« 
notnttnclatur* o£ Vtivisng ^ jy^*(1977) and to rmplAom i t by i 
iaomAtma, £i9h«« t h i t u«« tn« c i l i a r y action to transport 
water through tha olfactory organt hotaro-cyclosmataa^ a 
new denomination for the f ishes and the aerial choanates 
n^ioh have an olfactory cycle d^Mindent or linked «fith the 
respiratory cyclei autocyclosniates* a new dwntxnljnatlon Ikir 
the vertebrates« lungfish as exi£ople« where the olfectory 
cycle ia autonomoiw* 
Another new denomination« cmphiamates* has b^n put 
forward by Rahmani (1979) which elaborates the c lass i f i ca t ion 
of f ishes with regard to the circulation of water through Ute 
olfactory chaaber* Here the water transportation i s brought 
about hf using the c i l i a r y as well as the punping ac t iv i ty 
of the sacs* 
2n 1850 the microscopial study of vertebrate olfactory 
organ began* The histology of the olfactory epithelium has 
been rather scanti ly studied in f ishes as compared to other 
vertebrates* The structure of the olfactory ^ i t h e l i u s in 
f ishes has been described by nunnecous worXers • i io^ins 
(1926)« Kolmer (1927), Allison (1953), Truji l lo - Genoa 
(1961), Branson (1963), Bannister (1963), Wilson and westecman 
(1967), Gemne and Ooving (1969), Kleerekoper (1969)* OJha 
and Kapoor (1973 c ) , Kapoor and OJha (1974), Hara (1975) and 
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Rahnanl «ind icnan (1980)« who concluel«d that i t dotts not 
diff«r from th« basic vert«brat<i plan in any Inqportant 
sohultse (1856) raoo^nisad that th« olfactory 
«plth«llum Of vertebrates oomprised of three types of c e l l s 
namely* receptor c e l l s * supporting c e l l s and basal c»l ls« 
According to llopHins (19€6}* Kolmer(1927)« Allison (19S3>* 
Bloom C1954)* h& Gros ClarfeC 19S6}« De Lorenso (19S7)* ottoson 
(1963)* Prisch (1967)* ^)oulton and Beidler (1967)* Shantha and 
CJakaJJUna (1970) the vertebrate olfactory epiUieliua consis ts 
of the receptor* supporting* basal and tjoblat c e l l s* Kleer^coper 
(1969) described the h i s tor ica l development of the his to* 
logical studies on a l l c e l l types and their f ibre connections 
in the olfactory epitheliua* 
csriioni (1873) o):»erved that the olfactory epitheliutn 
in fish* as in other vertebrate anittals* consis ts of tvR> kinds 
of cell8*3enw3ry and supi^arting* These c e l l s are lined by a 
layer of basal c e l l s which i s supported by connective 
tissuHM aiKl bordered with a basal membraiMi* 
tloll (1965) reported large flask l i k e mucous c e l l s 
lying scattered aniong st^porting c e l l s in some of the species* 
such as An<Juilla,Hvxpcephalus e t c Later i^ opova (1966) 
observed a peculiar type of c e l l s among the supporting c e l l s * 
f i l l e d with mucous contents of granular polysaccharide nature* 
urtiich niost probably perform a secretory function* 
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Oog«i (1886) found thr«« Coxma of ••n«ory ol£«iotory 
e«lls in fiat) • iilai»«ntous« cod shaped «nd oon« shaped* 
Thaaa oXfaatory oalla tsrminats in pin iilui thicSuminga on 
tha pariphary carrying ona or -aora haira of amaliar aisa 
than tha oiliatad atruoturaa on tha atpporting calXa. thaaa 
haira ara otyaarvad to ba moving conatantiy« whidh diffara 
aignifiioantly £roa tha mov«aant o£ tha oilia* According to 
Vinnikov (i96S) tha olfactory haira ara tha main alenanta o£ 
paroaption and thair faov«nanta are directed in the aearch 
&siA location of odoranta* 
According to sioliagren (1920)# NieimienhiiyaC 1963«1967)« 
Schnitalelii(l964) the olfactory receptor cell ia atat«l to 
be a bipolar neurone tihich aenda a cylinderical dendrite 
towarda the aurface of the epithelium* The dendrite texvainatea 
in a rainute aiielling nag»iK3 as olfactory knob or olfactory 
vesicle, tdhich in majority of caaea beara a variable number 
of aensory haira or cilia* ttie axons of the receptor cells 
after leaving tnim olfcatoiy epithelium without ayn«^«Mi« 
reach the olfactory bulb vhere they interlace with the 
dendritea of atitral cells in structures called glomeruli* 
The amns of mitral cells take part in the fomation of secon-
dary olfactory fibrea which extend directly to the telen* 
cephalon« without aynapaes* 
^t^ Phoxinus y^acinus* Banniater (1965) recognised 
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tht— d i s t inct tYp9m of r«ci^tor c e l l s i ( i ) thoss tMsring 
c i l iay (11) those bearing mlcrovl l l l i ( H I ) those In whleh 
Kioth o l l l a end nilocovll l l are absent and appear as a aliiq;>le 
rod about 4 /) Into the mucus* Schulte (1972) observed these 
three morphologically different types of receptor c e l l s in 
the eel* 
The receptor c e l l s with c i l i a have be«i described 
in Pltaeovla l lneatf and Cnesterodon deceraraaculatus (Trujlllo-
Cwioz* 1961 )f Lamoetra f l t i v ia t l l l s (dr^nahteln and Xvanov, 
1965| Thornhlll, 1967)i Oast^rosteus aculeatus (Bannlater, 
^9^^)' ^ll^rm* qlanls (Bronshtein and Pjatklna^ 1966) and 
tota lota(qafl>ne ^nd Ooving« 1969)* The receptor c e l l s bear 
only nilorovill l in the Australian limgf lsh« HeocaratodMis 
forsterK Thoisen« 1972 )i in elaacnobranchs, ainfalvonioatoiaa 
clrratgq and t^lnobatus ^ j^^ i^ tlq^nffsyf (Roese and Brightinan* 
1970)* iVllson and >ire8te]:nian (1967) have reported both c i l i a 
and ralcrovilll on the sane r e c ^ t o r c e l l in Carassius 
carasaius* in i^uoiooeroa luclooeroa (Fiijusina <3nd aaxtin« 
1969)« Gasteroateus aculeatus (Bannister^ 1965)« in arldltion 
to receptor c e l l s with c i l i a * receptor c e l l s with cnlciovil l i 
have also been described* The functional d i f ferent iat ion 
between c i l i a t ed and microvillous receptor cMills i s not 
Icnown* 
ThelsMi (1972) observed four types of c e l l s in the 
olfactory epithelium of Weooeratodus forsteri* namely* 
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olfactory r«c«ptor c e l l s , stipporting c e l l s , non-smiaory 
c i l i a t ed c e l l s and basal c e l l s * The receptor and supporting 
c e l l s are provided with only taicrovilli* Ctoblet c e l l s may 
also be present* 
Thoisw) (1973,1976), vrtiile studying the f ine 
structure o£ the receptor c e l l s o€ f i sh , otMerved an 
Isnportant diagnostic feature o£ their c i l i a and t^at i s 
each cilium shows 940 arrangement of the tnicn>tifi>ules« 
Tleese (196S), l l iomhi l l (1967), Andres (1966,1969), Naessen 
(1971) recognised in other vertebrates, 9-«>2 miczotubular 
pattern in the proximal part of a c i l l u n , while the d i s ta l 
part of a c i l i u a tapers and the number of mlccotufoules i s 
reJuccKl* 
Holl (1965) observed three typos of arrangements 
of the sensory epitholiun in the latiellae t ( i ) sensory 
area i s continuous except for the dorsal parts of laraellae, 
a^^ a» lotalurus, A ^ u i l l a . £s£Sft' 2sJ££t ®tc.f ( i i ) i t i s 
s«^4rat#r) in lAtg9 areas between the lamellae, suc^ as 
Ssoxf ( i i i ) disperseJ in small i s l e t s , such as Phoxinus^ 
Cvorinus* Carassius etc* 
Itie si^portinj c e l l s are ,x>lygonal coluwnar «^ithel ia l 
c e l l s* In ioost f ishes these c e l l s have c i l i a at th<®ir d i s ta l 
ends and their noovsiaent produces the directed current of 
f luid in the olfactory sac . The si<>porting c e l l s way also be 
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provided with microvilli, h pcominimt oval nuclei li«9 b««ally. 
thm loiNir third part of th« ^ itholitn i« occupied 
tsy b«««l cells tihose nuclie are alnost identical with thoee 
o€ the receptor celU« Oraziadei (1971) reported a Crequant 
mitoeie in these cells for the replacement o£ the neurones* 
Thomhill (1970) suggested in the la«prsy, I^ amoetra £luviatilis 
and Bertmar (1972 a«b) in sea trout, Salmq tri^ta^ the turnover 
o£ cells within the olfactory epitheliurs* 
Kapoor and Ojha (1974) in Channa ptmctatus. and 
ojha ^Kl Kapoor (1973c) in Labeo rohita r^x»rted a new type 
o£ cellular el^aent, nasied as siecondary neurone« in addition 
to the primary ones in the olfactory epithelium* They are 
spindle shaped and ore situated at a level lower than Uiat 
of the pritnary neurones* The dendritic ends of the secondary 
neurones synapse with the axonal ends o£ the prl'oary neurones* 
The axons of the secondary neurones pass out of the basement 
membrane and contribute to the formation of bundles of 
olfactory fibzes • 
In the olfactory epithelium of /^abaf ^ff<r^4!^fm 
(Rahmani and Khan, 1980) due to the development of seoondary 
lamellae, the neurones are mainly grouped between the two 
secondary lamellae where non-»ciliated supporting cells are 
also found* In the slopes of the secondary lamellae, ciliated 
supporting cells are present* Mucous cells are present 
38 
only in th« «cc«s9ory •ao»« HUCOIM h«lps in th* snooth 
£low of MtatmK in thm ol2aotory chorabttr* 
B«rtaiar (1972 b) mad* a oomparativ* study o£ on« and 
th« aacott atructura or organ in related apaoiaa with di££ar«nt 
eoology which may provide information on Ute detailed 
mechaniffitt o£ their Cimotion* Conversely^ the knowledge of 
how certain atr«K:!ture tends to undergo mors^wlogioal raodi'* 
fioationa due to different functional demands may give valu* 
able infortnation on the ecology of a speoies only by stiKlying 
i t s struoture* 'ntis means that a species from a certain 
eoological nictie or habitat has olfj^tory organs «rtiidhi 
have adapted or are adapting to serve that Hind of l ife* 
Berttaar (1972 b) also doscribed the development of 
ce l l s of the olfactory organ in young and adult Baltic 
sea trout from the ecological point of view« He presented a 
theory on ce l l dyn43{aias» The turn over of the blasteosa or 
basal ce l l s into goblet eelIs» primary r^septors and 
primary supporting ce l l s was also observed* The primary 
supporting ce l l s in the indifferwit epithelium then 
differentiate into ci l iated nonsensory cells* whereas in 
the sensory epithelium they form cil iated and non-ciliated 
supporting cel ls* The development of primary rec^tors i s 
seen into spindle r e c i t e r s and later into rod receptors* 
Dead ce l l s are also extruded into the olfactory chamber 
which occur especially during the in i t ia l secondary folding 
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o€ thtt primary ol£aotory lameXIa«* Ho alao doscrlbod 
dittmrmnt aspects on ooologioal ad^tat lon o£ c a l l s and 
structuras* Banvnar (1972 d) r^x>rtaJ the praswioe o£ a 
labyrinth c e l l In the olfactory eplthellun o£ Baltic sea 
trout« which i s unique atnong the vertebrates* lie suggested 
that these c e l l s probably help to itiaintain an optimun ion 
balance €or species aijrat ing from sea to fresh water and 
v^ce. versa* 
r^einke (1937) observevl that the anterior nare 
d€rvelop3 from the opening which appears f i r s t both for 
oviparous and viviparous cyprinodbnts, and the posterior 
opening appears later at another position* ^ i l e in many 
other t^leosts such as 8al:aonids# cyprinids* both nares 
arise froni a s ingle opening(B9lm« 1894; Gawrilenko* 1910| 
t%einke« I937f Teichniann« 1964}* 
Later ^ i s k e G^ J ^ * ( 1 9 7 6 } describui the development 
of the olfactory organ of ovipaicowi and viviparous cyprinodonts 
and reported that in the ear l ier stages of i t s development 
there ex i s t differenois in both the groMps* In ovipasous 
forms* the olfactory cavity i s formed due to the involvefn^nt 
of two points lying on the surface* whereas in viviparous 
cyprinodonts at f i r s t a CIOSCKS anterior and later a closed 
posterior lunen appears which then merges and op«ns separately 
to the exterior* These differences are thought to be related 
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to ontog«nio characteristics not coomon to both gicoups, 
that is th« Cormation of an extra*«fibryonio pericardium which 
envelops the head o£ viviparovM cyprinodonts, while it does 
not occur to such an eattent in ovipttrotis cyprinodonts* 
sseiske ^  ^» (1976) studieci by transmission and 
scanningi electron microscopy the epithelia o£ the olfactory 
or^an of two cyprinodontoid fish species« Aolocheilus 
lineatus and Kiohot^iorus helleri* The relatively flat .floor 
of the organ is covered by sensory and non*»sen8ory epithelia* 
Itie non-sensory epithelium is distributed all over in the form 
of bands or ridges separating distinct areas of sensory 
^itheliua* ttie differences batween the olfactory organs 
of the two species are related only to the topography and 
quantitative distribution of the epithelia* ^onerous goblet 
cells are also scattered arnong the non-sensory epitheliuni* 
The sensory epithelium mainly consists of basal« supportirm 
and two types of sensory cells« that is ciliated and micro* 
villous receptor cells* 
Thomhill (1972) observei the accessory olfactory 
organ of ifamoetra fluviatilis which consists of clusters of 
interconnected v<»icles in tenu>us connection with the 
exterior medium via the cavity of the olfactory organ* the 
walls of the vesicles consist of two t^es of cells e 
(i) primary sense cells that reset«ble the olfactory sense 
cells having their nuclei situated peripherally and asoons 
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passing direct ly into th« brain, iihil« th«y appear dif£«r«nt 
from tha olfactory amiaa co l la in thair aisa« nutbar of 
c i i i a thay baar and aXao tha intornal atructura of tha 
o i l ia# ( i i ) supporting ca i ia i i t has baan ooncluda^l that 
thia aansa organ i s capabla of responding to a spaoial kind 
of Chamleal stimulus* 
riecently Yamanioto aiKl Ueda (1977f 1978 a«b«e«d,o«f) 
studliad by scanning and transmission electron microsoopy 
the olfactory rosette of differcmt spocies of different 
orders* 3almoni£orme8# Clupeifortnes* Cyprinifofsaes, 
Anguillifotmes* ^'lyctophifor^es, Oasterosteifomes* cahannifortttew, 
Synlxranchiforities* Siluriformes, Oadiformes, lApliiifonaes 
and Oobiesociforroes* Besides the supporting c e l l s , four 
typ@s of c e l l s are distinguished on the basis o£ the surface 
special isat ion t ( i ) those bearing itiany long c i l i a on the 
wide iind f l a t surface (typt* 1 c i l i a t e d c e l l ) , ( i i ) those 
i9earing several short c i l i a which project radially from 
a itound c e l l «^ ;>ex (type 2 c i l i a t e d c e l l ) , ( i i i ) those 
o«aring no c i l i a but a tuft of numerous mlcroirilli 
(microvillus c e l l ) , ( iv) those bearing neitJier c i l i a nor 
n i c r o v i l l i but protruding as a simple rod frooi the surface 
(rod c e l l ) * The internal ultra structure of thmie four 
types of c e l l s i s almost sijailar* 
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HhtASOM* AMD Hi£THQD8 
h^eqm nmSme of llv« Q^ frb^ » fiy^get «na :<yatu« 
vitt»tiMi irare procur«J £ron ,?ond8 and aitoh«» near tlw 
University eampua* Aligorh* NUIMZOUS live Oorvdoraa aeneue 
*"^ Heloatoa^ tam^incki^ the exotic £iehes were pur<^as«4 
£XQm Delhi and Aligai^* 
9oe gross morphologioal studies, fishes of different 
sises were fixed in Oottin*s fluid and lo:^  foxmaldehyde 
solution* Head regions are dissected frcMi the dorsal side 
under stereosoopio binoaular miocosoope for the study of 
olfactory organs and their relationship viith the hrain* 
Dried skulls were prepared for the study of bony 
elements oonneoted with the olfactory organs* After removing 
the scales and skin of the skull region# the fishes %«ere 
kept in 4% KOH for 2-5 days depending upon the thickness of 
the ties us* 3ubseq|uently« the museles were removed with the 
help of foroeps and brush* The cleaning and bleaching were 
don« by living b«ns«n« and hyd3tog«np«soxld«* Atft that thm 
alculls veicm kmpt for drying for a day in th« sunlight* 
Aliatarina tranapar«noi«w of £«w spaoiflMna of aaoli ap«oi«s 
itaro pr^araa by s-iolliat^r'a t«ohniqua(i932)* Obaarvationa 
war* maOm undar ataraoaoopio binocular mioroaoopa* Diagraiaa 
waif« drawn i^ith tha halp of oaiaara luoida. 'ma micjeoaoopio 
maaauretstanta o£ diffiarant parta of olfactory organ hava baan 
takan by ooculometer. 
Olfactory and ratlnal araaa wara oalculatad by 
Taictenanni'3(1954) method* Prior to ai^aration of olfactory 
lamallaa# tha fiahcm waro kept in lOPA formaldehyde solution 
for 3 daya* Preservation of the fiahes waa neoeaoary beoairae 
in £r@8h fishes i t was diff icult to separate the laeaelljwi 
without breaking* Separation of the lamellae in H«^ emmlnOki 
n^ore raphe i s absent was easier than those having raphe* 
For few specimens« for example if4*vittatus has upto 52 lanaellae 
in each rosette and thus i t was difficult to separate thsm. 
In th«s«8 fishes* the rosette wis divided by splitting the 
raphe in the mid line by a sharp blade* Then the lamellae of 
each half were aeparateei by the normal techni^jue as i t was 
•Aployed in raphe-less fishes* 
The lamellae thus separated were kept on the slide 
with drops of water and thoir diagrams were drawn at known 
magnification by camera lucida* Since every lamella has 
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two aur£ac9c« th« moasuroment was muitipliod by 2 to obtain 
th« total surface ar«a o£ •ach lamollae* ."leasurvitient o£ 
all th« I«ua«lla« was adds<l« and th«n th« total was dlvidsd 
by tbo magnUlcation on w!%icM th« l«ii«ilas werv drawn* This 
givea tfw «xact a£«a of all the Immllaw (that Im, cosetts). 
Th« arsa o£ the oys was calculated by planimster and 
also by applying 7^  r whsrs r is tha radius* 
BcologioaX aoo££ici«nt of each spscies was calculatsa 
by the £ollowing formula s 
Total area o£ tha lamellas x lOO 
ibtal rotinal arsa 
iiimilarly* brain con£i<juration was also studied and 
length o£ various lobes of the brain was taken as a parameter 
to calculate the ecological ooe£fiicient by the following 
fojRnula proposed by Rahmanl and Khan (1981) a 
. Total length of the Telencephalon x 100 
Total length of the Mesencephalon 
The fvmctional aspect of the accessory sacs was 
studied in live fish, H. tttKaincki with the aid of carmine \ 
particles* Alizerine red solution was injected by hypodejDnio 
needle fron both the anterior and posterior nas^l openings 
to study the ingress and egress of the water* similar studies 
%#ere also made in preserved specimona by operating the ja«fs 
raechaniaally* 
Olfactory rosettes of M«vittatus* 3. stiawe • 
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C»a»n»iy and olfactory xos«tt«« and acotMsory a^ usa of 
H»tatanino]>tA wmsm diaaaotad and wara Cixad in Bouln*a 
fluid* team»V9rmm and rioriaontal aaotiona wara ocit at 
6 • 8 u in thioknaaa and atainad with Hallory* a anilina 
bltMi qollagwri atain and Dalafiald*a haaoiatoxylin* and 
than oountar atainad with eoain* 
o o a a a v i ^ f X d t i 
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Th« olfactory organs of Mvtua vittatt» ar^ 
contpriaad of a pair of olfac'cory chambers (OLP* CHAH*) 
aituatad on tha dorsal surfaca of the snout anterior to and 
at a distance £rc^ the eyes (&ltr*)# masial to the points of 
origin of the maxillary baroels (Fig* ! ) • Saoh eh^aber, 
opons outside through a pair of openings termed as anterior 
C.%NT. N-\s. o»».) and posterior nasal openings (J.'OST. B.\S. ot».> 
(Fig* 3A)* The anterior opening is xx>und and is borne on an 
outwanSly and forwardly directed short tti^ae called as anterior 
nasal tube (ANT. NAS. TIBS)(Pigs. 1| 33,C). The posterior 
opening is oval and lies without a support on a tidse, but 
is provided with slightly raised margins (Figs. I, 3B). 
There is heavy pigmentation all over the skin* Sven a few 
ohromatophores are observed on the tube of the anterior 
opening but the elevated margins of the posterior opmiing 
are found to be free of chromatophores * The posterior 
opening lies Just behind the nasal barbsKNAS. BAR*) 
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(Pigs* It 3A«a)* Th« anterior and posterior openings 11« 
at a oonaiiMrabla diatanca Scorn ona anothar and mark raa-
pactlvaly tha antarior and postarior Ximita o£ tha olfactory 
chambar (Fig* %), 
Tha olfactory chamber ia placad ntora cXoaa to tha 
tnargin o£ tha snout than tha ayes* In a fiah of iio nira total 
langth« tha olfactory chi^ nbar is placad at a diatanca of 
0*468 rara itom tha snout and 2*925 ram I'rom tha aya* Tha 
diameter of the anterior tubular opaninyi ia 0*46d ran* 
while tha width of tha postarior opanin^ ia 0*292 ram and 
length is 0*702 OSQ* Both tha optmings ara placad at a distance 
of 1«7SS ma* Th€s length of tha anterior tuba ia 1 mm* 
The olfactory chambar is oblong and gets lodged in 
a fossa in the ethoaoidal region of the aleull and is attached 
to the surrounding cranial bony cnmponenta by fibroua 
connective tissue* The olfactory rosette is anidongated 
structure occupying almost the entire cavity of the olfactory 
chamber (i'ig*2)* Tkm long axia of the rosette is ori«mtea 
ooliqualy in relation to the median axis of the body of the 
fish* The ventral surface of the rosette ia convex while the 
dorsal is concave* A narrow raphe (i^H*) is saen on the 
convave dorsal surface of the rosette (Figs. 2* 3D)* The 
infolding of the ventral wall of the olfactory chambar 
gives rise to the raphe wnich extenda along the long axia 
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o£ tlM to««tt« from tb« ant«rior to posterior «id. th« 
width of th« raph« is «iaio«t aaam thxoughout its langth* 
On 9ith«r «id« o€ the raph« a larg« nuralMr oi the olfaotory 
lanMila* (l«AM«) ar« arranged (rigs. 2,30) • They are more or 
less flattened and are closely arranged to each other* 
Vontrally and distally these lamellae are attached to the 
wall o£ the olfactory chamber (if* OLF« CHA.M«> (Fig* 2)* 
Their proKimal end gats attached to the raphe* Bach lamella 
bsara 1 ingulform pioceaadiZHO*) on its dorsal surface at its 
distal end* The linguiform process of one lamella covers a 
part of the linguifosra proCi$39 of the next poateriorly 
placets Imaella (Figs* 2« 3D)* The linguifoxn processes of 
all the lamellae of the rosette together give the appearance 
of * U* * These processes are dizrect«^ toiiiards the periphery 
and divide the <&>rsal surface of the laaellae into two 
portions (Figs. 2, 3D), a central channel (C£W. CH.) which 
is bounded by these processes and a peripheral channel 
(£>SR*CH.) which extends on each side throughout the length 
of the rosette betureen these ptiocesses and the wall of the 
olfactory chamber. 
Mhen the skin is removed from the dorsal surface 
of the rosette a conspicuous area is sewn* This area is 
of the sme dimensions as those of the olfactory rosette 
and is present on the inner side* The area has a ridge 
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running {ii«siaily all <iXon3 its length* Along th« «ntir« 
length of th« ridgv a conspictjow channttl is pres«nt* This 
channsi is wids antsrlorly t«hil« it bsooraas narzow and 
^lailow post«rioriy lying abov« tho rapna and th« ridga* St 
oxt^ida in batwaan tha rapha and tha curtain eoimad by 
the linguifortti processos o£ tha lamallaa (Pig* 2)* 
This channal and the ridga both oovar tha cantral part of 
the rosetta* Itie anterior tubular opening ia aituatad right 
on the anterior extrastiity o£ this channel* Tha poaterior 
opening leads into the posterior extremity in the groove 
o£ the peripheral channel* 
The aaialleat ol£aotory Imiellae occur at the anterior 
&n& o£ the rosette (Pig* 3B)i it would probably appear that 
the addition o£ nev lo^ 'aellae in the sosette takes place at 
this end* Gradually the size o£ the lamellae increases 
towards the posterior end. The lamellae only present on the 
posterior part o€ the rosette are found to be attached 
obliquely to the r^ i^ i^e* while the remaining ones lie more 
or less perpendicular to it* 
The nimber o£ la;aellae in the ti«o olfactory rosettes 
was counted in the adult specimens of different siaes and 
the results are presented in Table X A«!l* only minor differ-
ences in number were «xsountered betiraen the laaellae of the 
left and right rosettes of the same fish* tttm total nu«ber of 
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laoMllM in both tn« xos«tt«« of sn individual stx>i#«di «n 
iiK:r«««« with a oorr«mponding inoraas* in tha siaa of tha 
fiah* Tha total nualoar of laraallaa in both tha tosattaa 
ranges fvom t4 to 102 in tha fiahaa maaauring fcoa 76 an 
to 120 nm raapaotivoly. 
ItiQ aurfaoa area of tha lanailaa of tha ti40 zosattaa 
and of tha t«fo r^dnaa wara caiculatad in f iv« apaoimana* 
On on avaraga the surfaca araa of tha latnailaa in hoth 
rosattaa waa found to be 941*03% of tha aurfaoa araa of 
i t s two ratinaa* 
the olfactory chasahar ia oovarad doraally by an 
oblong ahap^ na t^al <NAB*> bona* i t ahialda almoat tha 
whola of tha doraal aurfdica of tha olfactory coaatta* 2t 
i s aituatad on tha lataral aida of tha atlr«ioid (£^ 7H*) and 
ovar tha lataral athmoid(i*i-T^^*>< i^g* 4>. 
I^atarally tha olfactory ohambar on ona sida ia 
boundaci by palatina <PAL.}« maxilla (rtAX.) and pra-fiontal 
{i?m FHOlii*) vhila on tha othar aida by athnoid (Fig* 4}* 
Tha pr*»frontal ia broad antariorly «rhila gradually tapara 
to a blunt point poatariorly* Tha palatina ia a cod^lDca 
bona* iha antarlor haad o£ tha palatina aatabliahaa diar* 
throaia with tha maxilla to allow fraa <tiovamant* Tha athraoid 
ia an alongatad bona* It haa two llmba ^aeh axtanding 
antariorly al^ng tha front axtrawity of tha olfactory 
chamtwr of Its corresponding sid«« Just b«hlnd tn« limbs 
it bscaomss narrow* but grsduaXly brosdsns postariorXy* 
The ethmoid extends ttom pre-saaxiXla (S'Hti a M O qpto the 
alsaost middle part o£ the dorsal fontaiialXe* 
Anteriorly the olfactory charaber gets SMpported by 
pr€Mttaxilla and a part of etha»id* 
Ventral ly and posteriorly the lateral ethtnoid gives 
support to the olfactory chamber* the lateral ethtnoid 
tae:Si<jilly possesses a small forstien for the olfactory nerve* 
Posteriorly the olfactory chamber is also supported by 
frontai(i'aoN.)(Pig. 4)* 
An accessory sac is absent* 
After carefully removing the nasal« frontal* ethtioid 
oonmm and muscles from the dorsal side of the head* the two 
olfactory chambers containing their respective rosettes (fUS.) 
can be seen lying on the dorsal surface of the snout placed 
at a distance from the eye and their anatomical relationship 
with the fore brain can also be seen (Fig*5)* Both the 
chambers lie wide apart on each side of the ethmoid bone* 
From the ventral surface of the olfactory rosette arise 
oundles of olfactory fibres which after travarsing through 
the olfactory eor««sn present in the lateral ethmoid* join 
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th« olfactory bulb (OLF* at**) of th«ir r«sp<K}tlv« »iximm» 
Th« olfactory bulbd ar« almost xouna and 9wsllmt structure* 
Th®y ar« closely placod to th« olfactory ro»«tt*, thua 
rapraaanting padtnculat* typa* Tha paired olfactory tracts 
(OIJP* TR.) ar« narrow «md ars much elongated* Each tract 
>3ris«» excm the olfactory oulb and runs backward^  balow the 
etH:aoidal QtvA frontal regionsof the sHull* Both tha tracts 
are wide apart from one another anteriorly* 0iit gradually 
th€iy txmm close and run parallel to one another and unite 
with cnoderately dsveloped olfactory lob®s« The two tracts 
together give j^n a^poarance of a funnel* Both the olfactory 
lobes are closely placed to each other laterally* they are 
oval shaped* 
EoQlooieal coefficient 
The ecological coefficient has been calculated by 
the two methods* The parameters used for detemining it 
are the areas of the olfactory epithelium and retinae* and 
the lengths of the teiencsphalon and mesencephalon* only 
the l«fK)th of the brain lubes are tdOc^ m into oansideration 
for the calculation of the ecological coefficiant because 
it is the f»9St reliable parameter to show their growth* 
3ut sons drew backs are associated with this parameter • 
As it is known that the grot#th of the brain lobas does not 
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tako plaa« only langtb-wlsa. Tha lofcK*8 also ^TOW In size 
vent ro^la tera i ly* Thus th« lengths of tha loi>>9 do not 
tndlcato tha ix t rue s l a e . Cv&n then length paranater ia the 
tjoat to have a rough Idea of the s i ze of the lobes* 
The r e s u l t s of tha aco lo j l ca l coofCiclont Indicate 
^^^^ ^vatuB y i t t a t u a la a nose f ish (niacrosraat)(Table I ) . 
The length of the mesencephalon var los from 1»755 nf^ to 
2.223 ram and t h a t of telencephalon £ro?a 1.872 %o 2.809 mm 
In f ive fIshQs of a iae ranglnj ftojn 76 Kra to 120 ton (Table I , 
A,D,B). In the BtMm flahoa the r o t l n a l area la found to bo 
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ranging from 11*26 mm to 24*62 nm and o l fac to ry area from 
96.00 tm^ to 2S2.42 i«a^(Table X«0«H)* The ecological 
coefflcl^int o r the area of the o l fac tory ep i the l lun aa 
a porcQnta>3e of the area of the r e t i nae atvaws t h a t i t e 
o l fac tory facul ty ia far g roa te r than the o p t i c a l faculty 
(Table 1,1 ) • The ecological coef f ic ien t ca lcula ted by the 
lenj th of brain lobea a lso indica tes i t s ctiacrosn^tlc nature 
because telencephalon ia g r s a t a r than the raeaences«iaion 
(Table I , P ) . 
However, the ecolotjical ooeff ic iant C4lculated on the 
bas is of the lenctth of the brain lobea ia far l e s s than 
t h a t calculated by the o l fac tory and r e t i n a l areas* This i a 
due to the fac t tha t the a iae of the lobes doea not only 
increaae in lenj th but a l so vent to*l l i tera l ly in the ciorsally 
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€Xatt«n«d •Icull* But as \m havs takan Xangth of tha 
talancaphalon and maaaneaphalon aa parvnatara Cor oalcu» 
lating tha acological coaffioiant* tha vantjro*latar«l 
aQlajrg«a«nt of tha loisoa ia not at a l l takan into csonsi* 
daratlon- Thus, tha acological coefficient of tha length 
of tha brain lobaa ia fotma leas as oomparad to tha axirfaoa 
area of tha ratinal and olfactory apithali«n» 
ttm paaaaqa of circolation of water 
The unidirectional beating of the c i l i a of the 
a^porting a^ne of the olfactory laEtiellae synchronously with 
the opercular raovamcsnt conducts the current of water into 
the olfactory chamber through the ^mterior titular nasal 
opening* itie water f irst enters into the anterior noat 
part of the roaette* From there i t paaaes into the central 
channel and then via interlaraellar spaces into the perii;^erai 
channela of «ach aide* During ^ i s course of water passage 
each and every Issiella gats properly bathed with water* itie 
central and peri^eral channela converge poateriorly* ihe 
posterior opening i s situated at the posterior extremity 
of the olfactory chamber through which the exit of water 
takes place indicating the unidirectional flow of water* 
Th« rsapiratory mc»v«m<int« oroat«a by th« os>9xrcular 
t«iov«Q9nt8 hoip to condiuct tifi« «ntry o£ water thEough anterior 
and ita mxpuXmloti thxovgh pomtatior ogmnXng, aalntainlng 
a alow Qurrant o€ watar a l l tha tima* But Uuring tho £orwaxt3 
pix»grasaion of the ti»h along with th« oparcular taovwnent« 
t m flow o£ water ia intonalvaly Incroanad through tha 
olfaotory ohambar* 
Pi9*l> Dorsal vk&m oi thfS head of i4»vitt.atty» 
ANT.JUa.Tiaii . anterior naaaX tuba 
NA3*!MR* * nasal barbal 
t»03T.NAS.0P. • poatarior nasal opaning 

f i g . 2. Olfaotory roa«tt« of ?<«vittati^ in s i t u . 
uim* 
PSR.CH* 
• cvntjrdl (^aniHil 
• lin^juieoim pMXKmtm 
• pttripheral channel 
• raphe 
• «r«ll of %h« olfactory 

F i g , 3 A. i««t«r«l Vi«w o f UM t)««d o f rt.vitffcUB. 
\mi»H4\S»<Xf» • anter ior naaal oponing 
1»^«1AR. • naaal barbel 
^OST.HAS.OP. • poat«ffjtor n«a«X aponina 
B. D e t a i l s of tim naaal openings* 
AHT^NA .^TuaAi • anter ior naeal titfse 
SY« «• eye 
MAS«BAR. • naaal barbel 
01Jt»cnm* • o l f a c t o r y <:^atiiber 
fc>OdT*NAd*OP« • p o s t e r i o r n a s a l ofrttning 
C* l ia tera l via%# o f t h e a n t e r i o r n a s a l opening* 
mt»Hfiii*(W* m anter ior nasal opening 
N<%s.Tl»S « nasal tube 
D* Dorsal view of the o l f a c t o r y rosat te* 
ANT* « anter ior si<Ni 
C£il*Cll« • centra l channel 
xm»hm*^9* » inter lamellar spaoe 
um* «• l a m e l l a e 
hWi^» • linguiform process 
POST. - posterior side 
PSII*CH* « peripheral channel 
a^H. • raphe 
S* Cotaplttte s e t of 21 lamel lae of the outer hal f of 
l e f t r o s e t t e of a 9:^  aim long specimen* Beginning 
from the anter ior end« the Ismel lae are s e r i a l l y 
nuHOterecS* 
-POST. NAS.OP. 
- N AS. BAR. 
- ANTNA5 OP-
IK 
NAS.BAR. 
Otr.CHAM, 
r-NAS TUBE 
ANT.NAS.OP-
ANT.NAS.TUBE 
-POSTNAS.OP C 
f i 9 * 4* l«ai^«rai vimm of tli« •kull of H.vittAt.ua* 
AMT.FOil* 
SfH. 
rnoii* 
HAS. 
FOST*FON< 
• antfurlor f o n t a n a i i * 
- «tl%90JUS 
• fcontai 
• l.3t«ral athmoifi 
• ti«a«3. 
«• o r b i t a l 
• par«M;iiaxill.a 
- pir©»ftofttal 
• p a l a t i m i 
• pootttrlor fontanallff 
«• poat-twaporai 
•» aph^notio 
• anpra o ^ » i p i t a i 
o 
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•ETH. 
PREMAX. 
• NAS. 
MAX. 
PAL. 
•LETH. 
PREFRON. 
-ORB. 
- ANT.FON. 
-FRON. 
-POST. FON. 
- SPH OT. 
- P T O . 
-PTM. 
- S U P O C 
rig* 5* Diagrtm o£ a di«s«ct«d h«ad of il»vitt«ttia 
from the dorsal aid* to ahow tha ralatlon-
•hip of tha brain with tha olfactory rosattaa* 
CE. • caraballvm 
OLFtNE. • olfactory narva 
0liP*BL* • olfactory bulb 
Oi^ *TR« - olfactory tr^st 
OLT'LO* » olfactory loba 
Qp«u>* * optic loba 
RE. - eoaatttt 
lO mm 
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Pair*i3 olfactory ohaial>9r9 ar« prudent in Bartom 
atJUgaa on tha domo*lateral surface of the snou&f anterior 
to and eli^htiy atsove the level o£ the eyesCFig* 6)* The 
poeition oe each chanher ia marked externally by an 
anterior('U«7*NAa •OP •} and posterior nasal openings 
(«»o^T.NiW.OP.)(Pigs» 7|0A,B)» The anterior opening ie 
circular and is boundedi by a distinctly formed lip« The 
posterior margin oC this lip is continuouoi vith the nasal 
flap (NA^.FJuA*»)(7igs. lt9K^C)* The nasal flap* a hood-
like structure situated in between the two openings* 
projects above the surface of the snout* The anterior 
and posterior openings lie very close to each other* They 
get separated from one another by this nasal flap which is 
deflected outvard and slightly forward* It dips deep into 
the olfactory chttnber over the concave dorsal surface of 
the rosette dividing the olfactory chamber into anterior 
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ana posterior parts* Th« posterior opsning is oval flush 
with ths surface of th« skin (Pios«6f7;9A,B). ths two openings 
to^sthsr mark the outer margin of the olfaeiuatry chmber* 
A very small portion of the anterior part of the olfactory 
rosette is visible through the anterior opening, while a 
greater part of its posterior portion p*9p9 through the 
posterior opening (Fig* 9B}. The skin is pi^ented* £:ven a 
few chroraatophores are se«i on the lip of the anterior 
opening as well as on the nasal flap* 
The olfactory chamber is placed toore close to eyes 
as oompared to the margin of the snout* A few mciesuresaents 
are taken in a fish of total li^ igth 95 mm* 2t ie observed 
that the olfactory chamber lies at a distance of 1*287 am 
froca eye and l^S?! am from the snout* s i^ argin* thm diameter 
of the anterior circular opening is found to be 0*Sa5 mm* 
The width of the posterior oval opening is 1*053 mm and 
length is 0*468 mm* "Hie two op«iings are situated close at 
a distance of 0*117 m», i^ich is the iseasureaent of the 
thickness of the nasal flap as the anterior and posterior 
openings get separated by it only. The length of the nasal 
flap is l*o53 mm* 
The olfactory chiamber contains an oval«bowl*shaped 
zosette (R%*)(Fig. 8) occupying almost its entire cavity* 
The long axis of the rosette is oriented obliquely in relation 
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to zm msdian «xJUi oC %hm body of f i«h« Tim xos«tt« h«8 a 
oonv«x fli<Mial «uirf40« and « oonoav* out«r •urfao** ltt« 
9r«at«r part oC tna oonvax maalal aurfaoa of tha soaatta 
fita daaply into tha ooncava latarai athn»i<S« fhm outer 
conoava aurfaoa of tht roaatta baara a pmiiinwit, thic^« 
laaf-ahapad rapha (HPH*}<Piga* 8«9D). Tha rapha gata 
thicdcanad in tha middia part whiia gradually tapara to a 
point tdwarda boUi tDa agctramitiaa* xt ia a thickanad 
infolding of tha maaial wall of tha olfactory chambar* It 
appc^ ara black dua to tha praaenca of larga number of 
chrom^tophoraa• 
/ ' / / A Ictrga nuabar of olfactory l^smallaa ( l *^ * ) ara 
pra^ent on eithor aida of tha rapha (Piga* S«9&)» IHay ar« 
a^llan and ara craacantic ahapad and l ia cloaoly arranged 
yto ona another* Their proxi^aal end ia attached to the raphe 
«rhile the convex meaial aurface gate connected to the wall 
of the Olfactory chamber* A lingulfom proceaa (l#2Ka*) ia 
preaeh^ •tt the diatal t ip on the (toraal concave surface 
(rig* 90) • The laMMillae of the anterior and poaterior parte 
are aittached obliquely to the raphe, while the middle onea 
are alMost perpendicular to it* 
The linguifocm proceaaea of the olfactory laitellae 
alplit the outer concave aurface of the roaette into central 
(cyi*CM;.) «nd peripheral channelaCfSfi'CH.Xrig* 90). The 
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«nt«rlor opening ImaOa into th« oUaotocy oh«mb«r tticoiagh tTMi 
tt&»« (Fig«.7,9C). H«9ialiy this tuba •xtands into th« chamlMir 
ivhoM inn«r margin g^s thic}c«m«J into an ovai, cushionad rim. 
fhtt nJUiaar margin o£ thia rim pcoiaotsbacdcward in tha ^ K M 
o£ a tpngua-lika atructura* Tho rim o£ tha antarior tuiaa 
togathar with this baclttiariS tongua like pcooasa raat on 
tha cantrai part o£ tha dorsal a>naava surfaca o£ tha 
roaatta* This cantrai part o£ the roaotta is clearly demar* 
catacl £roai its paripharal part by tha curtain foeniad by 
lingui€or0) procaaaaa (Fig* 9D) o£ tha cloaaly sat iaaallaa* 
Wdtar aotara through tha antarior opening and paaaaa through 
tha tyba ovar tha cantrai part of the roaotta* f^tom tha 
cantrai part ttm matar pasaaa to tha paripharal part through 
tha intarwlaaailar apacaa (I«T.A»^4.ap.)* Tha paripharal 
part o£ tha rosatto acta aa a chaanal along which tha watar 
ia oonditotaa outaida through tha posterior nasal opani^g* 
tha snallast larnallaa ara praaant at tha antarior 
and (Fig. 9E) indicating that tha addition o€ naw lamallaa 
takes place at this end* The aise o£ tha laaallaa gradually 
increases towarda the posterior end. 
The total nunber of lamellae presant in both the 
xosettas of £ive adult specimens of diffarant siaes« ranging 
£rom 65 (Ml to 110 mm was ootmted and the results are recorded 
in Table XI A.3. The number of lamellae may or may not vary 
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In thtt l«€t and right xo««tt«sof th« »mm indivldualt 
Only minor variation i» oba«rv«^« /Titn an ineraaaa in th« 
• i M 9£ tli« £i«ti, tha total nu^ar of laaoliae o£ both th« 
roaattaa is aiao found to incraaaa* tha total numbar oC lanaliaa 
in both tha rosattas variaa from 48 to S9 in tha spacimona 
undar invaatigation* 
On ah avaraga« tha aur£aca araa of tha lamallaa o£ 
both tha roaattao «#aa found to ba about 477«30% of tha 
aurfaoa araa of the tiio ratljnaa* 
'nia pairad ovaX olfactory cdDSKabara ar« lodgad iti tha 
fossa of tha othmoidal ragion of tha akull and ara oonnaotaa 
to tha aurroxKiding cranial bonefi by fibcoua c»nn«»ctiva 
ti«oua« Tha olfactory chanbar gata bounded doraally by 
naaal (HAS.) Qtt«itoid (t^*^*) -and anterior outer margin of 
tha fitontal (FRON.HFig. 10) • The naaal is a thin bone 
connected with the lateral .oargina of the c^thmoid* Posteriorly 
thitt bone i« united to the anterior margins of the frontal 
bone* The nasal also forma the boundary of the tMo openings. 
The ethmoid is a rectangular bone whose posterior margin is 
attached to the frontal. The frontal is a large bone consti-
tuting a greater part of the roof of the cranial box. 
The chamber ia bounded mesially by lateral ethmoid 
(i^TH.) and posteriorly and ventrally by the deep concave 
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•iirf«c« £ojein«d b/ this bon«« rtm anterior floor of th* 
chamber qmf 9%xp^t%md by palatin* (9AI.«)(rig. l o ) . 
Anteriorly the ohanbor Is SMpportAdt by maxilla 
(•*tn2C*) tindl pr«Haaxlll« (l>*H£ Hhti^i and poat«rlorly by a small 
prs-frontal i»^ ^aON). 
fhs groatsr part of ths outsr vsntral margin of ths 
chambsr Is botrndsd by dorsal sdgs o£ tim laor^al (l«A>C*) 
bons* This bone supports the chambsr laterolly <Pla« 10)* 
There Is a foramen present In the mesial part of the 
pre-fsontal-lateral-ethsnold cxiniplex for the passage of the 
olfactory nerve vhl<^ arises £xom the base of the rosette 
and joins the olfactory bulb* 
An accessory sac Is absent* 
After rerdovlng the ethmoid and fcontsl bonos and 
the tauscles from the dorsal side of the hied by the help 
of forceps, the two olfactory chambers together with the 
brain get ex^asd* Such a dissection from the dorsal side 
of the head shows the .«nato<qlcal relationship of the brain 
to the olfactory rosettes <?lg« ID* Both the olfactory 
chmibers l i e Hide apart which are placed on each side 
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oe «thnK>id and fcontal* thm olfaotory buib(Ol#«ai««) i« 
« round and HMollan atructuc* vhich abuts against th« 
raaaial sur£ac« o£ tha olfactory chmibar at ttia lavaX of 
tha olfactory torsmen in tha pr«»exontal*Iat«ral*at)»aoid 
compi«>c and racaivaa olfactory flbras from tha corrtt8pondin9 
roaatta (HE.)* Palrad olfactory tracts (OiP*TRO ara narrow 
ajxS alongatad* Bach tract ariaaa from tha olfactory bulb 
and aftar travarsing backward through tha frontal region 
of tho akull getaunitad to tha antarior margin of tha 
olfactory loba (our.iO.) of tha corraaponding aid«* Tha 
olfactory lobes ars somewhat elongate J atriK^ turec* Tho two 
olfactory tracts ara placai^  at a diatanca from one crK»thar 
«intariorly< QriuSually tho diatanca dl'sniahas poatorlorly as 
thay rtm towards tha olfactory lob<3s* But they do not join 
aach other poatariorly* The pedynculata typo oiaata in thia 
fish &a tha olfactory bulbs are cloaaly placed to the tosettas* 
Eoolooioal ooeffioient 
Tha ecological coefficient was calculated by the 
usual two inethoda* The recorded observations (Table ID 
show that Btatioata falls under the eye*nose group of fishes* 
In five fishes under inveatigation with sises ranging 
f«om 65 »wi to 110 an, length of mesencephalon and telencephalon 
la found to be varying from l»§i09 ma to 2.574 and l»741 mm to 
2.106 nn respectively (Table II#A,D,E). The retinal area 
C3 
var ies from 17.92 im^ to 26.12 iwn^  and o l fac tory araa ftom 
33.04 tm to 130 inr»^{rabl« H , 0»H>. Tha ecological oo«£fi» 
c iwi t calculat«d by the r o t l n a l and o l fac tory areas shows 
tha t o l fac tory area <&>-nin4t©» ovor the area of t^e r e t i n a l 
surface (T^bl« I I , i)« »*hil^ the ecological ooefflci ' jnt %^lch 
was ca lcula ted by the lenj th of the orain lobes Indica tes 
tha t meoencophalon i s gr^ator than the telencephalon 
(Table I I ,F ) becooae the length of the fonaer I s grt*ater 
than tha latt»;jr. Kven tha r t^ t ln i l area of the f ish I t s e l f 
13 qu i te s ign i f i can t and thus cannot be ignored. Therefore, 
t h i s f ish i s Hept under eye-nose <jroi|>* 
/ i she s nunber I and 2 have equal nimber of t o t a l 
l ane l l ae (Tajie 11 ,9) . But the o l fac tory area of the second 
2 
f ish 1© increased by 8*60 ram as cosjpared to the f i r s t 
(Table I I , H> inilcv^tinig t h a t hcra the incraase of o l fac to ry 
ep i the l lua takes place by th© enlar<je;aant of tha individual 
l ane l la of bath the r o s e t t e s . Further , in Cishoa 3,4,5 the 
o l fac tory ^rea increases not only by the gr3*#th of the 
l-iinell«ie already present , but a lso by the addit ion of nevi 
lanteilae. 
Itie eo:>lo>^ical coeff^icient ca lcula ted on the bas i s 
of the lenj ths of orain lobes i s comparatively l e s s , .^ s we 
have already mentioned tha t only the length of the bralrj 
lobes in taken a i parameter for the calcul<atlon of t h i s 
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zoological oo«f£iei<9nt* 3iit in the latorally flattened 
f ijihea the growth o£ the brain lobes take place more 
ventro-laterally in Qo.aparieon to their length* But this 
vefitco*lateral enlarge:atj!nt of the loi)e« is not at all 
considerad* itius, the «K3ological coefficient calculated! by 
the length o£ the maaencephalon and telencephalon has come 
less* 
The oassaoe of oigoulation of water 
ttie anterior opening is provided with a nasal flap 
which is a lfK>od->like structure situated in between the 
two nasal openings* Ihe otM^ wardly ai^ slightly forwardly 
directed nasal flap deflects the currmit of water to «mter 
into the anterior nasal opening during the forward progression 
o£ the fish* The unidirectional beating of the cilia of the 
olfactory lamellae synchronously with the opercular 
taoveeiKHnt a>nduet8 the water into the olfactory chamber* 
The water f imt enters in<^ the anterior taost part of the 
rosette* Prom there it slowly passes into the central channel 
and then throivjh inter lamellar spaces it leads into the 
two peripheral channels of each side of the rosett«« froM 
where the water gets finally expelled out through the 
posterior opening* During this course of water all the 
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laiiwlla* off thm ol£aotory zo««tt« qmt p£op«rXy kmthvd with 
thm ttat«r» i t i» ohmmrma that at thm tiia* of forward taov««-
mwttt o£ th« fish« th« wdt«7 aot^ra through anterior and 
pas««i out through posterior opening indicating the str iot ly 
tmidirectional transportation of water thcougih the olfactory 
chantoer* 
Itie posterior opening i s a very wide aporture 
through which a major part of the posterior portion of the 
rosette peeps and r«raaina in direct contact with the external 
mediuM* Thus* even wh^ m the fish i s in a rest position* the 
olfactory lamellae a^nnjoy a constant contact of water a l l 
the time* 
Fig* 6« L a t e r a l v i « w o f ttM h«ad o € B.gticanf* 
{JAS*Fi«AS> » nasal tl&p 
»0ST»u^JS*09' « po8t«rior naaal opening 
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mr*nm*0»* - ^ t « r l o r n^»ml opmninq 
«T» • ay* 
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• • 09t«i&« o£ th« nasal op«nlii9«« 
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11f« - «y« 
SAS.PiAP • n*««i i iap 
POST.NAS.OF. • posterior naaal <»p«fiing 
C* lataraX viow o£ tUMi anterior nasal opening* 
AWT.NAa.OP. • anterior nasal opening 
viNT.NAS.TlBK - anterior nasal tui»e 
O* Deiffsal view of ttie olfactory rdsette* 
AHT* » anterior siite 
CiM*C9i» • c4M)«iral Qhannel 
sm»hm»s»m <m Inter iaoiellar spaoe 
L^« « leeellae 
LINO* • llnguifoon prooes* 
P£R*CH« - perifrfwral cdiannel 
»m't* <• posterior s ide 
aPH. • raphe 
t* o ^ p l e t e set of 14 lamelliM of the outer half 
of l e f t rosette of a lOO mm honq specimen* 
Beginnin9 from the anterior 4»id« the lamellae 
are ser ia l ly ntsait»ared« 
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brain with th« o i faotory ro««tt«ii* 
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Th« olfidotory organs in Heloatot^a tontenJtoc)c|, azm 
teptmnmitml by a pair o£ oi£actory ro««tt««i lod^ o^d in their 
corresponding chambers* those are situated on the dbrso* 
lateral surface o£ the snout anterior to and at the same 
level of the eyes (Pig* 12)* uach chamber opens outsidUi 
through an anterior (Ai«fT* Ui\3» o?*) and posterior nasal 
openings (*>OJT. HAS* OP*)<Figs* I2f 14 A , B ) . The anterior 
opening is round and is situate:^ on an outwardly and 
£orwardly directed short tube Odlled antfurior nasal tube 
(ANT. HAH* TuaE)(?igs. 14 a«c)* The posterior opening 
is oval and flush with the surface of skin (Figs* iZy 14A,B)* 
Both the openijigs are plaoerii at a distance from one another 
and mark the anterior and posterior limits of the olfactory 
chamber (Fig • 12)* "Rie position o£ oval ol£actory dHambers 
is visible in front of the eyes* The chcomatophores are 
altogether abstmt over the skin* 
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Th« olfactory chaiabor lies almost raldway tsmt^men 
th« margin of th« snout and oya* In a fish msasuring total 
Imngth JB am, tha chambar is plaoaa at a aistanoa of 0*819 tm 
from «y« and 0*936 IOBI frooi tha margin of th« snout* Tha 
diameter of tha anterior tubular opaning is found to ba 
0*111 lam* Tha length of tha posterior oval opwiing is 
o*2M nm and width 0«117 am* Both tha op€nings ar* placed 
at a distance of 0*SdS ma* Length of the anterior tube is 
measured as 0*234 tan* 
Ttv» olfactory chcKQbora are quadrangular in shape 
lodged in the fossa of the ethraoidal region of the skull 
and get attached to the surrounding oones by fibrous 
conn^ jctive tissue* Zn each of the <^{^bers a quadrangular 
shape rosette (RS*) is present v/nicSi does not oocipy its 
entire cavity (Fig*13>* It lios otore towards the anterior 
part of the olfactory chorabar* "Hie anterior opening is 
located at the anterior taost end of the rosette* The 
hinder end of the chamber oomtaunicates etutside through the 
posterior nasal opetting* Actually the poaterlor opmiing 
is in direct cowaunicatlon with a narrow channel lying 
just behind the olfactory rosette* the mesial mnA of this 
channel OMiniunicates with a pair of accessory nasal sacs* 
The posterior opening is situated just above the opening 
of lacrymal sac* The long axis of the rosette is oriented 
G8 
obliqutt in rvlation to thm raedion axis of th« body of f lah« 
th« oifaotory cos«tt« is dwoid of raplwi* Thm 
iaiiioXla« (LAM.) ari«« diraotXy from th« floor of the 
olfactory chamber* Sach lotaeiia appears to be swoilen* 
The Xameila is thiakened in the miaaie while <iradually tapera 
towardtt both its ^arvSn (Pig* 14 D). 'me anterior ends of the 
Ifiraellae are attacAied to one another and give the aprTearance 
of a gro*^ at this end (Figs* 13«14D)* The distance bet««een 
the tuo lamellae increases towards their posterior end* 
Thus the posterior ends of lamellae are well s^^arated 
Cxnta one another and are not grouped* The lamellae of the 
rosette together appear as a fan-liHe structure* The Ifleaellae 
are devoid of linguiform psocesses* The doraal and lateral 
margins of the lamellae are free and their ventral margins 
ace attached to the wall of the olfactory chamberC^'OitT* 
CHiV4»}(Fig* 140)» The floor of the olfactory chamber is 
slightly slanted* ime level of the chamber is raised to 
the maxlmuB anteriorly and is lowest posteriorly* It may 
probably be the reason that a greater part of the ventro-
mesial accessory sac gets accommodated below the raised 
floor of the olfactory chamber* 
It is observed that the lamellae present in the 
centre are the largest ones (Fig* 14 e)* The sise gradually 
decreases towards both its lateral ends* Thus the smallest 
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olfactory laiMila* as« •••n at ttM mxtrmtm lateral «nds 
of tha rosatta* It 4a bacauaa tha addition of naw l«Rallaa 
in tha roaatta takaa plaoa at thaaa two anda* 
^dult apacliaana of varying aisaa wara aalactad to 
aacartain ttta nunbar of lataallaa pre^sant in both tha olfactory 
roaattaa and tha raaulta ara raeordad in tha acootapanying 
Table ZIX A^B. only minor difear@noaa in nuabar wmr^ obsarvad 
batwaan tha lamallam of the left and right rosettes of the 
9mm fish* "the total nuaber of l^nellae in the ttfio rosettea 
do not show any variation with a corresponding increase in 
the size of the fiiah* The total nurober of l^xnell^i varies 
from lO to 13 in the fishes of total lengtli ranging frora 
23 nm to 4 3 cam* It is also observed that Uiere exista no 
correlation betwe^m the oiae of the fish and tiio total 
ntsabar of lamellae present in its rosette* amall siaMd fishes 
are four^ to be possessing 12 lamellae^ while larger ones 
only 11 (Table ill A«3| Pish no»» 3*4). 
On an average* the surface area of the lamellae in 
both rosettes was found to £» 73*81% of the surface area 
of ita two retinae* 
Doraally the olfactory oha^«ber is roofed by naaal(MA£i*)« 
Zt is a flat square shaped bone tiriiich provides a dorsal 
shield to the dorao-mesial accesaory aac and forms the 
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dors«l boundary o£ thm anterior and postarior naaal 
op«nJUigs (Fig« 15} • 
Vantrally and poatariorXy the charabar ia mvppoxxmd 
by tha anterior ooncava £aoa of tha pra->f rontal-lataral-
Qttsaoid Kxmplmx* iiataraily tha alongatad XacryraaKLAC*} 
pcovldaa titm 8u,?port to tha chamber (Pig* IS)* 'ma gra^itar. 
part o£ tha oiCaotory jpoaatta ia lodged In tha cavity 
foemad by tha pra»£sontal-laktaral»Qthtiioid complex and 
lacr^^al* 
Anteriorly the ohataber ia bounded lyf oiaxillaCnAX*) 
end pre-maxilla (ib'a&lA *^)* ji>oateriorly i t ia aus^ortad by 
tbi9 anterior margin o£ the £rontal bone (PfU3l4*} which 
i s the largest bone and torma the aaxlsium doraal aurface 
o£ the sHull (Fij« 13}• 
l^ere ia a foramen preaent in the poatero^vantral 
aapeot of th» pre*£xx»ntal-lateral-ethmoid complex for tim 
paaaage o£ the olfactory nerve* Juat below thia olfactory 
forwien* another big foramen ia pr^Btmt for the opening 
of thrti laorymal aac» 
H.taaaiincki haa only one pair of acceaaory aao 
n^el^ ;i^ acryMial or vantroiteaial acceaaory aae (Piga* 14 D«16} 
The e^ t^Mioidal or tha doraoitaaial acceaaory aao ia abaent* 
/J. 
Tim laarymal •«o is situated v«nt2oai9«lally to ttM main 
ol£dCtory chamber and it g«to oonnactad to it* Th«a« are 
tnin# irregular i>ag*lika struottir«a* Tha graatar part of 
the laorymal aao lies below the middle and the posterior 
portion o£ the olfactory chataber* Anteriorly* thia aao 
extends upto the maxilla with the doraal anterior end of 
the palatine s^pporting it froa below* Theae sacs are the 
extension of epithelial canity which retnaki in close oontaot 
with the jaw bones (Johnson and Brown* 1962)* 
syf 411, tt^ipgoffliy 
After removing the nasal and fxx>ntal bones* the two 
olfactory chambers together with their corresponding rosettes 
and the brain are exposed* Thus* the anatomical relationship 
of the rosette (ftE*) to the brain can also be studied(i^ig*l6)* 
Soth the olfactory chaiibers are placed at a distance from 
one another being situated on each aide of nasal bone* Fro» 
the postero*ventral part of the olfactory rosette arise 
bundles of olfactory fibres which pass through the olfactory 
for«nen of the pre-frontal-lateral-ethmoid complex* The 
olfactory nerve (OU* N B * ) runs backward through the 
frontal region of the skull and joins the anterior margin 
of the olfactory bulbCOUP* BL*) of their respective sides* 
The XMO nerves are well separated from one another* The 
olfactory bulb la »i*3llon and rectanguldr In s t r u c t u r e . 
The grea ter par t of th« o l fac to ry bulb i s hldd«n undar thm 
olfactory lob« (OLF. U > . ) . only i t * ooiall p a r t ia v4«ibl«* 
rh© t«io bulba a re clo««ly placad to on« anothvr* tlvjra «xia t3 
s«as l l e typa as ttm o l fac tory bulb ia cl03«ly placad to tha 
for« brain of tho fl«h» rho o l fac tory t r a c t Aa absent* 
ccolojictal cpefflqier^t 
Tha €»coloqilC4l coafflcl-^nt has baen ca lcula ted hif 
the tiio msthoda as employoi In tho e a r l i e r f ishes* 
In £ive f i shes of aise® ran9in^ from 2$ ma to 43 ttm, 
RiQOoncophalon i s found to b*a vsicyina fsoa 1.404 tscn to 
1.755 nra, toloncophalon from 0.936 to 1.182 mk, r o t i na l 
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area from 9.34 ram to 12.30 j^n and o l fac tory area from 
5.68 imi^  t o 10.02 RW^ (Table I I I , A,D,a,0,M). The r e s u l t of 
the acolo i ioa l coef f ic ien t calcul<3ted by tho r e t i n a l and 
ol factory area® indicate t ha t o p t i c a l facul ty ia grea ter 
tnan o l fac tory facul ty ( fable I I I , ! ) • The ecological 
coef f ic ien t ca lcula ted by the lenj th of brain lobaa ahowa 
tha t op t ic lobe domin-itea the ol factory lobe (Taole til, P) 
because lon;|th of moaimceabalon ia tnore than telencephalon. 
Ho*r8ver, w<ill-dovoloped protuberancea .^re also 
observed on the prinury lamellae in the h i s to log ica l 
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ob8«rvatlon« whiai lnor««s« th« Aurfac* atmm o£ ttto ol£«otory 
mpithmllm* But th««« pcotub^rafiCM ar« not ««on In th« 
ordinary binooular to %ihi<ih w* «ttaa^ th» cata«r« luolda £or 
ar«wlngi th« outljjis oe th« liasMilXa* at m known atagnifiiceation 
and th«n aaiouXating th« ar«a of tti« lamsiiatt by pianiiit<it«r 
<T*iohfflann*0 mathod* 19S4)* This inoreaaad araa ot ttw 
surf oca of oXfaotory spithalim i s not taksn into considsr* 
ation* Thm ttm total area of tits iamallae of t«io xoasttoo 
i s (Sovoid of the artta of protub^jtancss^with an increass 
in the area of ths olfaotory epitholitia ths olfactory lobs 
also incr«as98 but the retinal arcia i s quits greater than 
the oifaotory area* therefore, the area of the proti&)ex^noes 
Qrnic^  i s not considered would have negligible effect on the 
ecological coeffici<sit of the olfactory and retinal areas* 
The results of both the ecological coefficients calculated 
favour the raicrosiaatic nature of the fish* This indicates 
that H*t»nrainclci i s an eye fish (Table ZXZ). 
The unidirectional beating of the c i l i a of olfactory 
epitihieliua s^chronously ttith the punping activity of the 
accessory sac along with the Jaw or respiratory niovetAents 
of the fish create a current of water through the snterior 
tubular nasal opening over the anterior most part of the 
olfactory rosette* As the cosette of fish i s devoid of 
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t^pim and th« I M M I I M ar« «rr«ng«d aids by aid* arising 
diraotly trom thm floor o£ th« oXfaotory chimbar, tha watar 
ruahaa through tha intarlamalXarapaoaa giving a parfact 
bath to tha iamalXaa towarda tha poatarior aida «har« tnara 
ia an opaning of tha aocaaaory aao* Tha watar a£tar crossing 
ovar tha «atiro rosatta antars into tha aocaasory aac via 
ita opaning* '4hen tha aocaatJMary ttaam ara oorsprassad tha 
watar is aa^ >aiXac3 out through tha postarior nasai opaning 
pointing out tha unidir<i^tional flow oC vatar aorosa tha 
ol€aolu>ry chambar* 
In an ordinary raating raapiration of tim £ish« tha 
transportation o£ water aorosa tha olfactory chatabar ia 
alrooat nil* Tho spaad of tha currant of water ia intaisaified 
greatly during tha forward ^ovea^it of tha fish along with 
tha opercular and jaw movaraent resulting In the ccxtM^reaaion 
and expansion of the accessory aacs* Thus the accessory 
nasal aaca do not contribute to the circulation of water 
during normal respiratory jtiovaraent. 
Wig* 12. Lat«ral vi««# o£ tim h«ad of H.fHwiinclfi> 
i^ T.WA3.<»». - ant«rlor nasal 
opening 
LTf. • ey« 
NAS«CH<^4* «• nasal chambar 
P03T.R^*0i>« - poatarior naaal 
opanlng 

rig . 13. olfaotory ro8«tt« of H»t<yiiinaki in ttitu* 
iaH*i.E3S AR&A <• i«tolla« l««s ar«« 

Pig* 14 A* Lateral view o£ tho haaci o£ i|«tcfc%ninoki» 
AKT.NA3.oi>* .• anterior nasal opening 
BY» - eye 
ox*p«CHAi4« - olfactory chsiaber 
fc^jT«iiA5*0S». « posterior nasal opening 
3* l^3talla oi tho nasal oponlnga* 
AMT.MAS.OP. -. anterior naeal opening 
iWr.&iA3.TU3e • anterior nasal t*toe 
E¥» • oy© 
oiiPaC-i^ i^* • ol£aotory cSiaaaOor 
i*03T.NAa.0p* - pdstartor nasal opening 
C* Lateral vi^m oi the anterior nasal opening* 
/oST.tSAS.OP* • anterior nasal opening 
mT*nm*TlBE • anterior naoal ti;toe 
D. Coroal view o£ tho lef t ol£aotory roset te awSi the 
oorroopondlln9 laorynol accooeory nasal sac* 
Ai^* -• anterior aid© 
L '^4* » lamellae 
Li\C»A<X*KL\a«aAC » l^ iciryn^al aocassory 
nasal aao 
or.*^^'.?4«iG.3AC • opening of aoceaaory 
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Ttm oLFACTORy ORQAM OF 
Oorydor^aa aen^iag hoo a pai r ot olfactory oxgma 
£3ituatod on tne dbrao»latoral suorfaco o£ the aroaut anterior 
to arKi oimoat a t tho oarad level o€ tho ayes (Fig* 17)• 
Each chambor oommunicatos outaido through a pair o£ 
openings, antorlor(AWT.NAS.OP.) and posterior (POST. 
]^AS*OP*)(Fi^o. I t I 19A.«B)* Tho anterior opening ia couna 
and i s homo on an outwardly and £orwardly direotod short 
tuSbo torraed ao anterior nasal tub© (A&3T.WAO.TU3B) (Pigs. 
17| 19B,C}. Th@ posterior oi^ning i s seaii*oircular tXveah 
with the surface o£ tho atcin (Figa* i7f 19A«B). A vary 
s:nall part o£ the posteriorly situatadi larnella (LAi4«) 
peopa through the posterior opening (Fig. 19B). Itie two 
openings are placed at a short diatarce €rom one another 
and raarH respectively the anterior and posterior extreEaitiee 
of tho olfactory chamber (Pig. 17). The position of each 
of tho aha."ttb3r io clearly aeon externally by an altaost 
7G 
couna«ci boundary on %tm skin* 
The olfdotory chamber Aa eituated more close to 
eyas than the margin o€ the anout* In a flah of 35 tm 
t o t a l length, i t i s £oima to be placed a t a distance o£ 
0*385 ram itxm oy© and 2.340 tm firom the srK>ut*a margin* 
The diameter of the anterior tubular opening i s 0*351 ram* 
Th© length of the posterior opening i s 0*585 tarn and width 
0*234 am* Both the openings l i e apart by a distance of 
0*134 tm* Th© length of the anterior tube i s measured as 
0*^68 nsa* 
The paired more or l e s s , heart or beetle she^d 
olfactory chmai^rs are lodged m the othnioidal i^gion of the 
skull and ore connected with the ourcounding bones by 
fibrous connective tissuKa* Sach chamber contains a b<3^tle 
shii^e roset te i^hich cec i t i es altnost ^ tole of i t s en t i re 
cavity (Fig* 10>. Itie long axis of the roset te i s s l ight ly 
ori^t ted obliqi^ in relat ion to the long axis of the body 
of fish* fh& anterior nasal opening i s located jus t above 
the onterior i:x>st part of ttvsi r^he« while the posterior 
l i e s above the posterior t i p of the rosette* 
Xn a usual manner each roset te has t«fo surfaces« 
dorsal concave and ventral a>nvex* A thick« short« prominent 
raphe (tVH*) xs observed on the dorsal concave surface of 
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the eosette (Pigs* 18, 19D). This rapho is the rosuit 
oC tho ineolding o« th« ventral wall of th« olfactory 
^aral>@r* Xt is of the soma dtiroieiiaion froun anterior to its 
posterior extremity* on either side of the raphe a few 
laaolloe (L^i*) are @®eo.rV.'CHntrally and distally the lamellae 
are attached to the vi>all of tho olfactory Ch{^ t3er(t^ *. OLF. 
CH.\:1.) and proxinially to the raphe (Pigs* 18^ 19D). They 
ai^ flattonend and swollen* The lamella situated at the 
posterior extremity of the rosette is attached vertically 
to the ra^he* The set of lamellae present at t ^ anterior 
part of the zosette are attached obliquely to the raphe 
facing Mpt#ards« The Imiellae of the posterior part are 
also arranged obljMsuely to rqpho but facing downwards* 
The lanollae of the »iiddle portion of the rosette are 
EK^rpendicular to t^ ie raphe* All tho laotellae remain wide 
apart frosi one another* Qeoad inter lamellar spaces 
(IMT. i*AJ4. S£».) are clearly visible (Pigs* 18, 19D)* The 
lanellae are devoid of linguifoem processes* 
Xt is observed that the smallest laaellae are 
present at tho anterior end of the rosette (Pig* 19C*} 
indicating that the addition of new laraellae taHea place 
at this cmd* itie sisse of the lamellae gradually increases 
towards the posterior 8l<5© swch that the fMSteriorly situated 
li^nella is found to be the largest one* 
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Adult spscflraens of varying alsQS wore ex^atoed 
to ascertaif} the amUtor ofi leEaeliae present in each of 
ttioir oX€actory roaattea and the observationB ar^ reoorded 
in Table XV A«B. i t ia found that the nmitmie o€ iaaeliae 
in the le f t and the r ight rosettes i s a«m in aXl the 
apccimens diooected. Tho to t a l n^miaer ofi lattiellae present 
in both tho roaettes varioa from 14 to 13 in the fiiahea 
of to t a l longth rancring froca 28 ism to 56 aim respectively* 
f^ o oorrelation ia obaerve;d betwei^ tho oizQ of the fiah 
and the nunb^r of losiollae* A f«aw anaall fiahea have been 
found to be smoaeaaing 18 lamellae* ithile aorao larger onoa 
14 only* (Table IV A , S . Floh fJoa* 4#5>* 
On an average* the aurfaco area of the lamellae 
in two rosottes «aa found to be approximatoly 251 • 25^ of 
tho aurfaoe area of tho t«io retinae* 
The olfactory cha^aber ia bounded doraally by naaal 
<t3A3.) othmoid <ETH*) and frontal (PROli.) bonea (Pig* 20). 
Nasal ia a thin olongateci bone lying at the la te ra l margina 
of ethaioid and frontal and over the la te ra l ethrnoid* Ethrmsid 
ia a rectangular bone whi<ih gives sup^^rt to the anterior 
cK>at part of the olfactory chamber* frontal i s the biggaat 
which B<JE>ports the poatero-doraal part of the cha;aber* 
TtiQ concave anterior face of the aialn body of the 
la te ra l eth3K>id ^h^t^ iitH*) bounds the olfactory chataber 
posteriorly and ventrally* 
7n 
Laterally and po«t«riorly ttw chamber i s bound«<3 
by o large lacrymal (LAC.HFig. 20). Poateriorly I t ia 
oui>portact by the anterior caar^in of the aupra<^rbital (SUE>. 
ORB.) which l ioa at the margins of frontal ana fo«toa the 
<Sbrsal boundary o£ the eye orbit* 
Anteriorly tti^ oh^^ber la bounded by preMaaxilla 
(pRZr^ AXO palat ine l9Ah») and raaxilla (;4AX«>(Fig« 20>. Pre-
raa>tilla i s a th in , elongated bon© s tar t ing right itom the 
anterior et^e of the lacrymal* Xt taHes a al ight curve at 
i t e anterior par t to «rhich the taaxillary barbol gota atta<:^ed« 
The palatine i s rod^liHe «fhilo raaxilla ia a broad bono* 
There i s an olfactory foraraon prooont in t l ^ la te ra l 
othmoid me:Sially for tho olfactory norv© to pass through, 
whic^ s t a r t s from the base of tho sosotte and Joins the 
olfactory bulb* 
An accessory sac i s absent* 
After roaoving the naaal« othtaoid and frontal bones 
and mi»cle», both the olfactory chaaibera each containing 
the toaotte together «i th the brain are exposed* After 
doing such a dissection of the dorsal side of the head, 
the anatoitiical relationship of the roset te to the brain can 
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aim ba atixSled (Pig. 2i). Thm tiio oX€aotory clKvabers ac« 
pJlac«a wide apart £rom one another* ^xom the centre ofi the 
ventral part o€ the olfactory xosette im*) toundlee oi 
ol€a<3tory fibres ariee which travorae throtjgh the B&rmmn 
of the iaterai ethmoid* fsoth the oi£aotory nerves (OLP« UB*} 
are thick and elongated and run backward throi^ the £xontal 
region o£ the ekull to Join the ol£actory bulbs {0W» SL*) 
o£ the a»rrcdponding aides* the two nenrea Join the 6otmy» 
lateral taargin o£ the olfactory bulbs and are well aoparatea 
£rom one anotSier* the olfactory bulbs are closely placed 
to one another and are situated at the anterior margin o£ 
the olfactory lobe (ot^* lA*)* A vary a-aall part of the 
olfactory bulb is hidden wider the olfactory lobe while its 
major part is eaeposed and can ^ aeon by naked eyes* Each 
bulb is rounded and swollen strixsture* The olfactory bulbs 
are closely placed to the forebrain of the fish* thus 
repreasenting sessile type* The olfactory tracts are absent* 
Ecological coefficient 
The ecological coefficKmt has bee«i calculated by the 
usu/^ twa roethods* The results obtained indicate that 
9*^eneus is an eye»nose fish (Table IV) • 
In five fishes of sise ranging from 28 oita to S6 xm, 
length of laeeeneephalon and telencephalon is fourd to be 
s: 
varying itom 1.287 am to 1.698 am and ftoa 1.09S to 1.39S ata 
respootlv9ly (TaW® JV, A ,O,B>. Th« re t ina l area In wi© satw 
fishes i9 recoraoa to b8 ranging €«ofli 4.00 m? to 7*72 tara^  
and ol€actory area £«oa 9»i2. tam^  to 22.04 mn^ <Tabl« iv , <! ,H) . 
th« ra^tUta oC the fusologloal oo«€f Iclent oalQUlat«(i 
l>y the araa o£ tho ra t lna l and olfactory apl^ellum show 
that optical faoyity la losa than thQ olSaotory faculty 
(Tablo IV, X), ifhilo the <»soiogical coo££icient calculated 
by tho lengths oi th@ brain lobc^ indicates that opt ic lobe 
ia biggor than tha olfactory lob© (Table IV, i?), 'Thua th© 
f iah balonga to an oye-»noso qxx>%s^» 
1^ © aroa o£ tho olfactory dpitholiuo i s not only 
imsraaa^d by the acMition ai Is^ieliae but al^s by the 
incroase in the s i se o£ the individual lamella* The ^ t a l 
nuober of lansellae i s conotant in the fiahea nirabor 1«2«3 
but thei:^ ie a gradual inor^ooe in the olfactory area with a 
corresponding increase in the s ise of the fiah (Table zv» B,H) 
The area of the olfactory <^itheluim of fish nupobor 3 i s 
almost doi;a}le than that of flah n^^bor 1* Thus, the nuober 
of lasaellae may roraain constant but the difference between 
the area of the olfactory epitheliua can be groater* 
I t i s observed that fishes no« 3«4«5 have a constant 
re t ina l area (Table xv« o) indicating that eye attaJjio a 
constant s i se after a certain growth of f ish, the ecological 
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O09£fixsient i s gra^tiy atfaotdd i>y tdio inorease in thtt 
nuabor o€ l<ii»«il«i«« thia «a«i b« PCOV«KS by t t ^ observation 
that fish no* 4 has a greater oi€actory area than £iah 
tK>« 3 (Tabie XV^ H} thdt^h £i»h no. 4 i s smaller in aisso 
than tiMh no* 5« Zt ia beoause fiah 4 haa to ta l number of 
18 l43m&lX&e Yihiie iiMh S ha® only 14* 
'ltMi.._naaa.^ io .flg. ..eiranlatioH pf i»at«r 
tlia anterior tubtilar nasal opcoilng i s diractod 
outwardly an<S for»ardly* The oporoular o»>veaant8 a^ohxon-
oualy with tho VDHidiraotional beating o€ tho o i l i a o€ 
olfaotory apitholitira raault in tho entry of «»ater in the 
antorior i^oat part of th® olfactory chawbor t h r o u ^ tti® 
anterior naaal og^ning* Thm cantral and parigiAieral channels 
are lacking du@ to tha abaenoa of linguiform procraaaea* tha 
mpmsim o£ the in ter la^al lar apaoea ia widle creating looal 
cyrr^nta in the olfaotory ehoabar, and ao the reaiatanoe 
to water flow ia aecroaaed. "me local oiirrenta af«at«Kl by 
the iffiidir^otional beating of the c i l i a oonduct water 
£rom anterior to poaterior opening from %mere i t ea^ella 
out indioating the unidirectional flow of water* During 
t h i s oourae of water throt^h the olfactory cha-aber i t givea 
a bath to the laoellee perfect ly. 
8.3 
During the Cprward Qaov^ tsoait o£ the €i«h th« 
transportatiion of water across the oifaotory ohamlMir i s 
inor«as«3< Itse posterior opsning i s wi<So eno^^^ to oho%t 
tho ^ s t e r i o r part o£ the posteriorly si tuated iomelia* 
Thiis« Qvem KThen the fish i s nn^tioniess, th i s posterior 
part ot the icoeiXa enjoys o constant touoh with water 
o i l the time. 
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nioTQltOOy UP THE oy>ACTOR!f OtiaMi UF 
A largo nutibor oi fold® o r lomella® are encopaulotod 
in an elongated bowl lAJco s t r u c t uxr© ^hJLch glvoa r loo to a 
jCOStrD-caudally olongfatod median thic^ming msnaa a© raphe. 
In tho o l f ac to ry roootto of tivBtuo y i t t a t u a thoso lasnollc© 
(I«A:I*} aro arrongoj on o i thor s i d e og tho raphe <R.-»H.) 
(Figs* 22«32}* PjcoKinaall/ tho li:Knollao ara attached to t he 
raj>ho ana d i o t a l l y to tho \*all ofi tho o l fac to ry chonibor* itie 
ou te r o r cSoreal taar^^lna of tho iacnolla© aro froely ^najcatod 
in tho olfnotory ohamijor maintaining I n t o r l a a o l l a r space© 
{XtiI*Liul^^o>'i <Figa. 22,23,24»32)» raong thorn, while the 
innSr o r ven t ra l margin© aro at tachea t o tho wall of the 
o l fac tory chocaOer. 
Sach o l fac tory laioella conais ta of two dlat ingulohable 
p a r t s , a sensory epithelium o r muoosa (tiSAO and a c e n t r a l 
cor© o r »ub-mucffl3a(^'i»^A«). Tho 8ul>-mucK>sa i s l ined on e i t h e r 
a ide by rausosa* ^  well devolopod basopent mecibrane (BilO i s 
8n 
dist inguished botween rnucoaa and oub-mucaaoalPi^a. 22«23«24« 
25«26). 
Extreme d i s t a i t i p s o£ raost of the middle and pos te r io r 
lamellae show a tendency o£ obtrusion of c e l l s and a t ce r t a in 
places even a considerable port ion of lamella i© dotac^ei in 
the form of o e l l ba l l <C. BALL> by gradual constrldtijn process 
<r ig . 31). This r e s u l t s in the forraatlon of ctortnant lamellae 
which are supplied with a l l contents of lanolla* This detached 
port ion of the lamella o r c o l l b a l l e i t h e r grmSually jo ins 
«iitlt the adjacent grot^ing lamella loading to i t s elongation o r 
s e t t l e s on the f loor of the o l fac tory epi thol imi &>rming o now 
lamella* "itius t he c e l l b a l l s a re t i^i l ised by o the r liKnellao as 
the addi t ional supply of lamellar contents in the directik>n 
of olongatlon o r fonnatlon of now lamollao. In t h i s so r t of 
detactoont goblet c o l l s play t h e i r dec is ive r o l e by fortalng 
c ryp t s . These c ryp ts in t e r rup t the surface which ultiraately 
loads to the f i na l detachment, extruded cellstS-iC.C.) fram the 
d i s t a l t i p s are mostly dead c e l l s and a re discharged from the 
o l d , worn out o r injured port ions of the o l fac tory lamellae 
(P igs . 25 ,26) . 
Pour types of c e l l s a re found t o be caojprising the 
o l fac to ry ©pitheliun. Th® are i 
1. The sup.xjrting o r sus tentacular c e l l s , 
a) C i i i a t e a sup-sorting c e i l s . 
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b) ^*on«cili':)tecl sip.x>rtin^ col ls* 
2» TtiQ receptor cel lo* 
a) SginAlQ shaped receptors* 
b) Primary neuconea* 
3« The basal co l l s* 
4« Tho goblet o r mucin secre t ing ce l l s* 
Q) HsicgXnaX o r s t a t iona ry -joblet cel lo* 
b) Migratory gpblct co l l s* 
Tho eotiuence o£ arrangenont of various c o l l u i a r olencnts 
and t h o i r nucle i along the tshickness of the o l fac to ry ep i -
theliuD can bo l i s t e d Crora inner s ide to periphery in the 
tnanner as follot^Sk Tho basa l collo(BC*) occupy the most 
proxlnal port ion n©»t to the basencant menbrane (Figs* 23,24,25 
26,27,29,30,33)* Then follows the nuclei o£ spindle shaped 
roceptoraCtcSR.) and oval nucle i of primary neuronesCWPN*) 
(Pigs* 23,24,27,28,29). "mere e x i s t s no synapt ic contact 
between those ttsio types of receptor ce l l s* Tho nuclei of 
suocorting c e l l s are loosely d i s t r ibu ted in tho o l fac to ry 
epithelium at d i f fe ren t l eve l s forming supporting zone(Figs* 23, 
24,25,26)* Tlie nuclei of c i l i j t o d supporting c e l l s mainly 
occupy tho most d i s t a l positlon(s?ig3. 23,24,26,27,29). \Tn@ 
supporting and receptor c e i l s are intermingled. Tho d i s t r i -
bution of goblat c e l l s i s not only observed throughout the 
free surface of the olfuctyary epitheliuro(Pigs. 34,35) but 
a lso in i t s deeper rsgion(Pigs* 32,33)* 
The o l fao tory ep l the i l aa la colunnar in na ture , but 
oojao oidQir pos t e r i o r icraellae are cons t i tu ted of cuboidal 
Q^itheliuptiCFig* 33)* C i l i a t i o n i s v i a ib lo unifozmiy on the 
surface of thm o l fac to ry lamQllae* 
Sto n.MODQrtina or. fluatQnt,aQulifar _cc>i|p 
Th© supporting c e l l s ar© <s>lutmar and may b© eiUior 
c i l i a t a a o r non-ci l ia ted* Each typo of c e l l i s provided with 
two limbs« a d i s t a l and a pxx»ximal(Fi98* 27«29)* The s u p ^ r t i n g 
Qolls or© d i s t r i b u t o r looaely in the o l fac to ry G^itheliuia a t 
d i f fe ran t lovola forcing a eupporting sson© (SC*z.}(rig8* 24«26>* 
ThQ o i l i a t o d Qolatmar a t^por t ing c©llo(C!43C-) or© uniformly 
d i s t r i b u t o r towards tho d i s t a l pa r t of the lotaollao iPiqe* 23* 
24«2S,2e*34}. 'Sh& d i s t a l liffiba (DZ.SC^ of thosQ c e l l s am 
qu i t e lar^o and broad which extend u^to the surface of the 
Idntellae ( F i ^ s . 21,29) • 
The extrecne tips of the distal linibs of th© supporting 
c®lls give rise to ciliary(Cl) projections towarda the inters 
lamellar apace* {t?lga. 23,24,25*26,27,29.34). The cilia are 
implanted on basal bodies* Ciliation of these cells shows a 
trend of synchronoua ciliary movaraont in a sinyile direction 
helping in a unidirectional jovemcmt of water. The cytoplasm 
of the distal limb is eosinophilic and granulated (Pigs- 27,29). 
-ihe narrow proxlual liiabs of these cells bearing homogeneous 
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aytopiosia ©xtsinj x^ta th© basement raombran.e,. Tho ptoxixaal 
ilmb la coniparatlvaly l e s s ooeinophil ic than tho d i s t a l limb. 
Th© nualQus of th® supporting c e l l to largo and touna {Figo.27, 
29) with cl©ar chKxaatin roatorial a i a t r ibu tod evonly in th© 
^ai^iPplaaci. The nuclous gato ahiSted towards tho baso of the 
d i s t ^ llnib and a nti^lcaolus i@ o ioar ly d iocomib le \airhic3i i s alii^at 
con t r a l l y placfod in i t (P igs . 27,29) . 
Tho non-ciliat<^d[ colunnar aupporting c o l l s (WNac) or® 
i r r e g u l a r l y d i s t r i bu t ed throughout tho o l f ac to ry opi thol iua 
CF/igo. 23,24,26«27,29). "ni© d i s t a l limbo of thos© c e l l s a re 
qui to longer in cotnpariaon to t he c i l i a t e d ono mni tm&v 
homogoncoua cytoplaaTi* T^Q t i p of the d i s t a l limb may o r aay 
fK»t roach tho porisrtiory of tho laznoliae (F igs . 27,29}• mi© 
proKitial limbs of those non-c i l i a t ed supporting c o l l s boar 
hoifogenesus cytoplasm and oxtend i^to tho basenent monbrano. 
Tho cytoplaa^n o£ the d i s t a l and proximal limb i s loss o r aior© 
equally eos inophi l i c . I t i s obsorveJ t h a t cuboidal non-c i l i a ted 
sup^^rting c o l l s a re also present along with t h e colun^nar ones 
(Pig. 33) . Horo* the proximal limb of these supporting c o l l s i s 
vary ins ign i f i can t reducing them in t h e i r height giving th© 
i'npresalon of cuboidal typo of supporting c e l l s * The nucleus 
of colunnar one i s oval (l^igs. 27,29). while round in cuboidal 
type (Fig . 33) , each possessing a c l ea r ly v i s i o l e nucleolus 
and chromatin mate r i a l . Sotao of these c e l l s are soon in 
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t r a n s i t l ^ n a r y s t age , ultirnat^Xy giving rAo© to c i l i a t e d 
0US>!3ortittg CQll«(Pi9S. 2 t . 2 8 ) . They also undergo through muci-
parous a c t i v i t y ( F i g . 28) and get transformed into goblet c e l l . 
TbK* (jKjrpho log l e a l t ^ e s of the rocoptor c e l l s are 
diatincjuiahed in th© o l fac to ry epitholium of Movittat^f i 
ono spindlo ahapedi recoptor ooll£i« and sooond primary nemnsnes* 
Itio spincjilo shaped receptor c o l l s {tiSR*)« are 
oxcoptionally darH otalninyj c o l l u l a r osoaponent i r rogu lo r ly 
d i s t r ibu ted in tho ol£octory cpitholiuna (? iga . 23«24«27»23«29}* 
Their niK?loi or© olongated in ahape with c loor ly v l a lb lo 
nucl^>lus and nucloar chromatin (Figo* 27,28,29)• Tho nucle i 
o£ rocoptor c o l l s are plocod j u s t above the baaal &x»no* Dia ta l ly , 
the receptor c e l l gives r i s e to tho dendr i te <D3S.) vihich 
extends aa a narrow and cy l inde r i ca l process co«rarde the 
periphery (Figa. 23,24,27,29) and enda in a " V shaped ves i c l e 
a t t he d i a t a l end of the Iccaella, ca l led o l fac to ry vea ic le 
(OV.}(Piga. 27,28,29}. The d i s t a l t i p o£ the o l fac to ry vea ic le 
si^Tports the sensory h a i r s (oCI.) projec t ing in the in t e r l amel l a r 
spaces (F igs . 27,28,29)* The cytoplasm of tho dendr i te i s 
eo s ino i^ i l i c as cotaparod t o t h a t of t h e a ion, thov>gh i t i s 
hanogeneous in each case , itie axDn(A3R.) a r i s e s from the 
p£Oxliti3l par t of the receptor c e l K F i g s . 23,27,29) and jo in s 
o ther a3<ons to form the folium olfactorium (FO.QjU.) which runs 
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'iti0 prlmainf fi@iJSOii<3S ffM3*| mm not ii)iic»isal.y dl^tribiitad 
i^iQfig the #iii^rtif^ ooi&»* ^!»iir nmslei also l i e e t difCecont 
a7#23#20t^)* 1^0 ntiQiQi of tli^ido cosesptor® @z«d ovsX with 
(Ploa* 37#23#39«30)» fiDi£>3LO fit^sloslus io pr^scmt if) tl*»o nt«32.m%s« 
ontoi^-te® taftiQiriio tiie aiotol port of louo^Aa® ^^ jioro i t mmX%& 
ifita» a <^Qi'a!3tortofeic olfiestoinf ttsaioieCov.Xi^igs* 29#»>«*li© 
oie«3toi?y v@3iol© to^to %Mo Q CI^ OS wine* St &o on ®longat©a 
QtetKSttjro tntiroto^ <Ei*ii« <3oc^  into ^ a o^ 7c?cifftiB3 eat^ oS th© 
olCcstary csj?l,tlioJi«3» ^ o <34otal. part of tljio olficatory vesiolo 
ofsa Q&r^ffitSat t ips age filled «?ittj doa r oyt^f^ia'Ci csa t ^® 
<»H3MQrai>le tiooa @taiii» iSio avtsc>3i«3Sia oS tlioir o:5sm (s*i^ ®* 27# 
29) i© aKMaesrhat granuior* I t tr<is»r@ci@ tliismi^j tlm c^ iMooa <aK3 
!>03€i3i3Sit ni€^^a«}a mm t^@® p»«xxt. in tli@ fairmation o i &»l.iits 
olfiK:3t0ri«m* 
*Sttm ^midrit&B m& ttm ascons Q2 t^ rc3«:^ iptor celia air® of 
vdrgin^ Xmi^tiAB ^m^mASxm ^m tiin d^ptS) at ^^ eiich the fiiKsl<sii o i 
cii££^r€iiit Q«iia a]r«» situat«id* 
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Rich supply of spindle ohapad r e c ^ t o r s i s seen In tho 
ptoKlsidl port o£ l<BiQllae, though a £ew primary neuronoa av& 
a l so present (F igs . 23^27). Doith typo oB roceptora are oon-
contratod in tho cniddle region {Figa. 24,29) • t lhilo only 
primary neuronao are obsarv<2d in the d i s t a l region of tho 
lam©lla (Pigo. 2S*26,30), 
'HiQ d i a t r i bu t ion of t he reooptor colXs in th© o l fac to ry 
opitholim) i s novor occtmulated a t one p s in t i therofior©, th© 
quotation og fora^t ion of o l foc tory bud dbos not ariae* "Tho 
opindlo Qhapcd recoptora «>nd tho primary neueonea aro t o t a l l y 
independent GtriK:tyrea« Thoro ©xiata no aynaptic contact 
b@tiioc»i thosQ t««3 types o£ roceptora* 
Th© basa l colla(9C) aro cuboidal in shape* Thoy fona 
a cantinuDUo isono oC thick aggregation lying Juat abov© the 
bao@m<esnt aisabrane* 'Thm0 tho baaal sono i a well apocified 
(t?i38* 23»24,26,27,29,30). 'Thia asane i s in te r rupted a t p laces 
duo to tho d«©aly s i t ua t ed nuclear bodies of the priUnery 
neurones and spindle shaped recep to r s . Basal e e l l a ace pro-
vided with round nuclQus (P igs . 27 ,28 ,29 ,30) ,c lear ly v i s i o l e 
chioraatin D i t a r i a l and tako a good s t a i n of haenatoxylin. At 
d i s t a l t i p s of tho lG»ollae, tJiey show taotphogenesis pcocsss , 
o i thor axtruding tho daad c a l l s (F igs . 25,26) o r dotaching 
pieces of round lamellae in tho form of c o l l ball8(PigM. 31) 
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containing livin<^ c e l l u l a r mmtmvt ^aJLdh a re u t i i i a o d •eittMur 
by the odjaci^mt. hmmill^^ leadincf t a «.h<»ir olonrjation o r 
iM|ttl«i£i in t l ^ 'jXt^otnnry ^iWmlXvm t o foxm tin© n i^u l4;tm€iil4i«« 
aa alrea^jty s t a t a i a^ 3ov«« it}^ basal ^jsila are a l so £ouna in 
ti«» at^portijrig worm in tli® t rans ic ionary ate.j«iaCT9C») ««nidh 
then '.jiva r i3« t o ttm »urj|»rting o r raaoptor d®Xl6 C'^'ias*39«3a)« 
':C»aM& o£ trj« baaal c®iia a i tua t sd in dtKj;><» jcxa^Sana a re 
ri':Si .ir..inuiato<'3 whi,2h untJUir^ o tr»a :i«K3i;3 srauai na t iv i ty* itio 
i^jiSi'i^ a t a t ' '« ^a.iAsrtini ajn® in tua ar^ jarai:ian oF the i:c»BiJti.>ii 
3£ o-aipl'.t.© i^U t c ^ i i s (;-'iiS» 32,3J) v-ihi;-Si .^ n ' r / 'xa t ion ioma 
"uaXn ati;j:ratar/ .:ontant wiiich lu tiia^har'-scil at. tb«s freo di i i ta i 
,.V.i t / I i Oil j-j-ii'it aiiil-a iite ^uui:; in ti'ia ali'a-^Usr;/ 
,;:.j.ttaol,lui-.t -3£: ;»vitv,at^* u.trjol/ -. ixr jir..al - .jvjiil^t cjella i^iltl 
d jr Starr -i-j.*! 't o-aiia* 
i"h0 H!r.jiiiii or stvitian^ry j^nl t i&llB ( . 5C») a-Miir rit 
th© gr@® swr£«»« of th@ aif t tctory 'j.)lti»olit»a (ri^j®* M«3S> 
iiit«rsi>aro«» 1 in fjotwwwm ojiuan ^r ay^txanrtin^i o@iia mid t\m 
d«ndlritia pzocoaaes o£ t,\:m reea^tor oal la* Tnory are £oundl 
ecmallf px^mmxt in th@ a io ta i# iai<Mi@ and pixjxiniai p a r t a£ th^ 
l«iRX9li«* tliaaQ <gfa!>if]it c}«»Ila in WB olt'^MStory ©"pitUieliitii aro 
«o»gK*i 'a? tJiQ !ncJigi«,iti^.jn o£ a^lutiwiar aw|»portin^ Ottlls 
(Fii}«2d}* 4uain j^fron*. i<»s f i r s t apix»^jr in tivs «iisitai praoeaui 
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<KHRlMiUUilfi9 livjUTKi O0liular Oi-m^mmt m%ldh a re trtkiliaMhi oiVNur 
by tiie atlj«a<irtt iamelia® loading t o ii>it«ir •JUm^otlon ov 
•««tltt« iti tti« oX£«otory 4»Mth«Xiun Co Ifofta tn® nat# lamoUns* 
a« alroddy a t a t e i a^vtt* i t i^ ba«^l o t l l a ac« a l so ^ m d in 
t lw aupportiiKl watm in th« tranailtloniifY «tagcMi(1RiC*) ifhlcftt 
ttirtui 9iv« r i#« tat ttm suppoctAngi o r c«o@ »^tc»r omllM (Fi9«»39»30K 
"Bomii o£ trM i^mml c«XJl8 sittuated in il€»€^ >ar ro^iona af« 
ri<;^ .ironuiat^d ifhic^ unckirtgo tiM >n«3Cip>arQus ac t iv i ty* 'fho 
'nual^Aitctim oa.m&l o s l l s ufifi#r«3o a cy.jjlio 5t i t rat ion £»3m ba^ai 
»:in« to th«i 0upportijv.| »»na in the |>r«;>aratic»n of til® fozmation 
oi ooi^itiHtd ^:^bl'-i: o s l l s (Fi'js* 32^33) \^idn m hydration ioxm 
••suain 3@cr«tory oontanfe r^i.<S^ i s di^ cJ-nar^scvl at ti"»a £r«io d i a t a l 
3i.trfaeQi cs£ olf'^cti^ry ^jit»ii#iit«fi» 
i\?j> t/i>o,s o£ jot»i<at c^ l i a ara Saund in Wio olfe'acfcory 
»wit'r»0l.tuni of 4»J i^liJ6fliyift# n^m^lY ja'ar«iinal vjpbliit oe i l a i^rid 
.tUjr'aitor>» t ^b l -t a®iis« 
'HI© saargin^i o r st^tian-ary 'lOlJiRt <3«Jllfl (atJC») ocwwr at 
tlMi t r«« auriacM o£ th« o l fna tory 4i§,>ithoiiii8 (Figtt* 34«3S) 
in%^«l»«r»«a in la^twim ooiimiidr sii^^iicirting <wii« and tlMi 
^Nmdritio piDOttssMi of ttM f«o^iii»r o*ii«* thmi •«« found 
equally •eaemtmtk in tho dit%«l# a iddio and pi«mi«Mi& {»av% of th« 
l«n«U«» ttumm ^antli^ 0»llM in tfw oi$ao«ory ^ i t N i i i i M ««« 
iogaioti ^ th« t<iodifi«$ati»n of ooiimnar •tipporteing o t U s 
(Fii]«28)* Utiain 9r<ani.i«« f i r s t a^war in «li« Ois ta i pmoMS 
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trmmi&vnk into sauoin «|la£»ttJl«o and •¥«iitu»iXy an «lific»«t tovtiA 
•haiMia siahim, ooll io fioiiMii* During th ia trafKioiEmation of 
t ^ oolutm^r 8U|»porting <wll« i t a nuoi^tiQ i« puatMKl and pr»» 
aaod into the ^xisal p.^ct o£ Ui« stulle of tha <9«U ««lt*v« i t i s 
f i n a l l y lia<%^»d» 
'Mm yooltjt o&lXm v^%i<:ih &&t aituat^d d^mp in ttia .ntucoaa 
are a a l l ^ -ti^jratary 'jo-Jlert ^salia ("^^^•l« 'Hiay ara oaen at any 
;l@pt£i aiH^  s»tK>iii th^ .Aijratary tar^mnfoy* iltay origin^tto fgom tlia 
.>auaX oail® iviq* 33) r^uS diajharg® their <aiK3in .^lobulaa o r 
urr^ .jX fts tnrou^n tha apan .^iouth ot zH® a©Ii on tha fraa isurfaoa 
uftor pa8;inj tliixiiK3h migratory ayaics fram basiil aonci to the 
£r<»i? >irjirsa» i'liaao iuj;in ,jiiobui«a .an x>ntact wit^i watar* £ itn\ 
tu0 -uctia iuv^ir tuife cjversj tints iayrf rj@ of trio olia.jtary 
0 )it.ocIl«Ri« I'm liiCiiUsry jj/jl'it <j*sii3 3<1»i^ ,^ tiMS ijwrat in tl*@ 
>i«o33a aurinj t-ieir ;>ath t-war a tj»a f^oriistiary, fliao^.'wriinfj 
it® rm^i^ aeorotory .^ontant* Timsm oalia ara ri«a*ly d i a t r i -
biJkod in t^ Mi proKiiiai 3xitg% oi t^m i^iE^iia* Tsw d ia ta l and 
.liddXa porta of tha iaraailaa are danoid of tnaaa oaXia* 
the £»ar^inal ^bXat oeiXa ara ai^aoat lotfiid (ri^a* 34#3S) 
vhiia lai^ratory otiaa ac« owoid in aliapa(F|^» %%U fltaaa ar« 
a«M>llan atruotutaa with t n a i r nuelai ahiftad &o«farcSa th« hmm* 
imay ara neolciaaa and opan by a a»iaii para at ttw fcaa aurCooa 
o€ tlw o i Sanatory larnaiiaa* 'ttm muai^^t&R aaarated by tJtm oa l i 
>aay ia» ailminatad mimtly in utiicli caaa ttna o«i i rataina tlia 
^jobiat an^Mi £or longor pariCHSai oitacnativaiy, tlia iiht»la of 
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iA m&f im 90% rid of «na turn oal i may tmamm maptf* 
ifat flmiifti mm tif int tflmmi 
ttM aul>-muaoaA or oentraX oorea of al l the laiwIlMi 
are in czontinuity with raciho pcoximally and nitn tiall of tho 
ol£«K3torv diai^jor distaily* It i« oaqp^ uratoi ttom tim olfactory 
opitheliua on eithar aJ^ iki by a basariiont r^ ixiibraMii Fi<^* 23^ 
24«a6«^#29^30}« TtMa oontrai a»m io £ill.Qj with donne a>nneo» 
tive tissuQ (cofUTi*} oS oollagwiou® an^ i r^iotULar Siiarmi 
(Piad* 27<»2@«29«30>« Itiiji a^ -ikos Ui® Ic-vwlla rigid* t-iaaaX 
oo l l 0 a i ^ also i3ir03«»t C^i^a* 2a«29«3a}* ttarge and aaa l i 
vaouolQ lite® ar«K>i£i«(>^£*} are r^lms oomtrvm-i ulwre the 
cx>nD0etiv« tisauir tteaextimt looseC^ija*2t^y30)« .^ lood capilioriflMi 
(9Ci»«) aro richly 3t^iii<idl .nt f>lacQa<Pi<i«»23«26«27«30)* itie 
nMMMHiohytaai i30llsCH&S*)ara pr< t^sllent(Figp•27#2 )^•^ ton-(l»^dlullote<S 
n4Mnr« fit»r«a ara alao pro0«nt» ^t ftihm diatal ti|> of th* 
olfactory l«a«U«# tho atruoturo of tho oonfcral oora and 
olfaotory apithalitio booomos irmtgular iiooaiiaa of tha max* 
phftgcnatio Mtivlity ahoiring a oontinuoiaa pmmm of growth 
of thoaa mtOm i«siiltin«a Sn tho alonQatlon of tha Imollai** 
It mlgpht tm •iqeMntad that this sort of aotivity may tm oontl-
niMd i^to a dafinito poriod t i l l iamolla attain* full growth* 
tho width of tho oantrai mm dam not inoroaao apstfooiahly 
f ffon v«ntral to dovaai aidoa of tho lanoila* 
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live ea&^a i s a cfltitx^l %hidk«iir»g «»6Mmdifig ro«%i9CMi«i» 
da l iy altowirm t rancvers* ^t«<:Sii®ff^ of tit« Imamlltm on 4t« 
( F j ^ * 33«ie)* Th0 rapHfS m^ ui tuicit and mi^iddL ail4a%«id 
o->ith9iitjm* I t i s d^miid o£ »mtm>rf mX&emmtB imd gobliit 
vs^lia* Biood ca^^illariaa u^id n^rv^a .irtt supplied! to tim 
Xmmll3KSi tttr^u^jli th@ ra^-J^a (Fi^is* 32*36) • n-i® t l ^ i ^ connoctivw 
tiaatae asE^riain i -ii ooiia-j^an £ii:>r)ia foxma ^ turgor Iilc« 
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Tlie olfactory xit«<att,(i o£ Sarb^n •tiawa cx^priccs ntwib«r 
of folds or l<ffn«ll«i (U\H.) which are arranj«J on «ith«r side 
of a n<3rix>w« i«afshaped raphe (^ »PH.)('i''1^ 3• 38) • The oiAer or 
dorsal margins oi? the lamellae are f r^e while the inner or 
ventral .nar^jins are attached to the <«ali of the olfactory 
chamber* ProximalXy the lataellae are attached to the raphe 
and d i s t a l l y to the rfall of the olfactory chawlser (w.oiJP. 
Cii^»HFiq, 37). 
The attachment of lamellae in laetween olfaetpry 
epithelium and raphe taxes a reverse oonicsl shape like 
structure having broad and narrow ends* The broad distal mnA 
is attached to the oXfectory epithellue by • oonstrioted 
pact(Pig.37)• 
Xnverleble, oonstent end elopy el«vations(eLS*) end 
depceeeioneiDBP*) are observed on the gwierel surface of 
tHe X«isellee(rige. 37,3«,3».40,4a,43,44,4*) through which 
». / 
c t l i a CCI.) o£ ai££erent ai^da pra jec t Into th« lnterlwi«lX«r 
spacss (Figs* 43 ,38 ,39) . i^Xevations ar« much 0p«ci£i«a (P igs . 42 , 
44) and a t c e r t a i n poin ts t h « i r pmjec t ions oow© out towajctls 
Urn int«rl«R«IlLar spacaa in tha fiojoa of miaropKo J actions* 
Theaa microprojectiona f a c i l i t a t a aaay and prompt racaiition 
of tho sansat ion of th« o l fac tory ef f luents paaaing thcoijgh 
the ol faotory chaoibar along with the c i r c u l a t o r y water cu r ran t . 
The lamellae a r e devoid of t h e formation of secondary lamell«A. 
The a>nstant wavy general surface r e s u l t s in the increase of 
sensory ep i the l iu» of the o l fac to ry Isenella* tlie dead c e l l s 
are cxtriided (EX.C.) from the d i s t a l t i p s of most of the 
middle and pos t e r io r Ijniella (Figs* 46 ) . 
Each lamella consists of cen t ra l core o r sytHmuoosa 
(;a.toA*) which i s l ined on c i t h e r a ide by a coluranar and 
cili«)ted c e l l u l a r com.prsit of muoosa (MSA.). A well developed 
basernmit raambrane i s d i s t inguishable between ntuooaa and sub* 
mucosa (Pigs* 40,43)* 
The o l fac tory ©pitheliuo coraprises the following c e i l 
types I -
1) m e s^pport inj o r sus tentacular c e l l s . 
a) C i l i a t ed s t^por t ing ce l l s* 
b) Non-ci l ia ted supporting c e l l s . 
2) "^e receptor c e l l s . 
3) The basal c e l l s . 
98 
4) Th« gpbl«t o r mucin s«cr@ting c^lla* 
Th« sequanc* of dmnngmnent og various c e l l u l a r 
<sl«ianta i» ^8 follows. Th« aiosfc pxoximml pos i t ion n«xt 
to tn« basomont merabran* (a4») i s occupied by the basal c« l l« 
<3C.)(Pi.j». 40 ,4 l ,42 ,43 ,4S,46) . ITien follow the nucle i of 
receptor and non-c i l ia ted supporting c e l l a (NNSCXPiga. 40, 
44) . F ina l ly , the laost d i s t a l pos i t ion i s occi«>ied by columnar 
c i l i a t e d a tp jo r t i ng c a l l e (GN^ic.) having large nuclei lodged 
baaal ly in t h e i r b«oa<3 dist^sl limbs (Fige* 40«4l«4a,43«45,46)* 
The ^t>blet c e i l s (OC.) are d i s t r iou ted along the f ree d i a t a l 
surface of the o l fac tory @pitheliun of the i sne l l ae C^ig. 45) . 
«ach lamella shows a c l e a r cut -.eondtion in the proximal 
and d i s t a l re9ions . 'iti© pro5<imal region i s at tached with the 
raphe, extending on i t s e i t h e r s i d e , raor© than half of the 
o l fac tory lamella can be sa id as supi'X^rting and sensory s»>ne 
(Pi^» 40} provided with c i l i a t e d and non^ci l ia ted supporting 
c e l l s and the neumn^s exter^ing t^to t he surface o r periphery 
throujh o l fac to ry vesicl«g and c i l i ^ respec t ive ly , thm d i s t a l 
surface can be demsrcsted «» secretory and supporting surface 
(P ig . 45) where goblet c e l l s are r i ch ly pooled showing t h e i r 
c l ea r cut discharge in to the in te r l emel la r spaces. Disoon-
tinuous c i l i a t i o n i s observed in the o l fac tory epithelium 
of lemellse* aaphe i s non«ci l ia ted . 
The supporting o r sus ten tacular c e j l t 
they a re oolumnar and may be dis t inguished as cili*Ated 
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and rK>i>-ciiidt«di 8iip.x>rtiiii9 C9lis« 
Th« oolumnar c l l l a t e a supporting c« l l» occupy the 
ttKtst d i s t a l pdr t o£ the Xar(i9Ua*(?i.g«* 40«4l«42«43«44«4S«46)* 
t t i* / ^rm well def ineci having a larqm and £ota^ o r oval 
nucl«i» with c l«ar chromatin mater ia l d i s t r i b y t e d evenly in 
th« learyoplasm and a c l e a r l y viaibl® nuclciulus(i?i9* 44 ) . "me 
d i s t a l Xkah oi t he c e l l i s lon^, broad and ooliumnar extending 
«pto the aurface of the o l fac tory ep i tha l i im. The t i p s of t he 
d i s t a l liinhs s t^par t c i l i a which are implanted on c l e a r l y 
dietinguishaible basal bodies* The cytoplasm of the d i s t a l 
limb i s «3>sinophilic and granulated* the granulat ion i s p a r t i -
cu la r ly dense a t i t s t ip* t h e proximal limb o£ the c e l l i s 
oarnparatively narrow and ©jctonds upto the basettent raonbrane. 
the non-ciliafced supporting c e l l s l i e j u s t above the 
nuc le i of basal c e l l s (Figs* 40,41,43)• they have roxmd 
nucleus placed basal ly with v i s i b l e nucleolus and chgoraatin 
mater ia l {?ig«44)« fhey are si^jx^sed to be t r ans i t i ona ry 
c e l l u l a r a in ton t s (? i t i .44) , vjetting transformed in to c i l i a t e d 
supj^r t ing c e l l s . Some of these supporting c e l l s appear to be 
muciparousi they also seem t» ijivo r i s e to the goblet aells(Fig.44) • 
iiilevations of tlie l ^ se l l ae are mainly cons t i tu ted by 
the c i l i a t e d supporting c e l l s , while the depressions by the 
non-c i l i a ted s u p p o r t i n g c e l l s . The c i l i a t e d avipporting c e l l e 
are e^calusively present in non-reG«^tor asane of the lamellae* 
On the o the r hand, non-c i l i a t ed supporting c e l l s are observed 
i'^0 
by «h« fioiiwaiiidt^d supiiortifm <3«lls intftsminglAtS %fi%ti t l i * 
g»#ip%or ««ll»» tli« laalA piR»p«n;if of thmm supportlftg C M U * 
A« to pt&viOm mv[0p9Xt to i^ w olfaotoKy ^pi4tholiiMi and AXIO 
to liwm^ t.lMi f'vuwplor ottU pnyjMokiNdi Ijkto tiMi ^ipjf#s#loii4 iSoc" 
rtawivlim tli« oitdotory wKwatlon* 
Itif ffoygitir «afUt 
tho voooptor oeltsi or prlssi^ irr fi^ tiinMMHi <tip^*) mn tm 
jU3«nt|J!i«a by tliAir iot«ii3«d «nd dailtiy at^itiod nuoltti witfi 
HaMiiailOJ l^lfi (Figs* 40#44«46)» ^@«tt OtfUa ae# bipolar in 
nature haviny ttieir m%im liody ^@i»iy thurdtad in muacisa mad 
d«ndin9 i ts teenilnai aseteisaion in tsm £o£m o£ thitilc aan<lrit« 
({X^{i«HFi^« 40«44} nHiicib ^ston^ tlicoug^ tho i^<:SaioiNi of 
t l ^ mtioosa m m n^ mpow ai3^  oyllfidorio^ pcoooaii toward* tint 
£r«« ^ i t h « i i a i surfaoe* Bi^ ;^ dwiarito ends on tho poriplivry 
in «at oifaotory ^asioloCOV*) iMiif^j ^^ »<»ply j»ai9^aaiiJ in th« 
•tlpportingi 9K»n9 of ttte i^or^fliorai nmrioam ii^im* 4o«44)* 
ftm olfaatot^ ifOiiioi(»i mvgts&tt tli« v^i^iory h&ism or oifaotory 
c i l i a fOGX«> ultioli pfOj«ot into t ^ immglmmllmK i^ «oo«» th« 
oytf^lMM of tiM d««idri%«9 of tho «oo«i^ «or oaiis in lioMogwiaout 
anA ooainopHillie* tlw iwatt ori9^^nat«« ffo» tho pioxlaiai !>•«% 
of tho soQtptor QoU# audi «M»n« of varlou* r«Q«s»tor oalls 
vnito holoit tho l>«r«n«nt amibriioo to &»xii tho foiiun olfoetoriUH* 
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Th« dwKlrites of rttc<^>tor c « l l s ar* oba«rv«d to ba of varying 
lan^ths d«p«ndin9 on th« a ^ t h s at whAt^  th« nuclei o£ dlf faront 
cal la ara sltuatad* Racaptor cal la are oan£lnad In tha aapra-
aslona of tha lamallaa* Tha proxlraal part of tha lamallaa la 
aanaory whlla tha dlatal la non->aenaory* 
IDa isasal ce l la 8om«what xo\md in shape ara exactly 
confined Juat above tha baa^Tiant mw^brane In unlfostn aln^le 
row below the proxlraal llmba of t^e si|>portlna ce l la (Flga. 40« 
41«43»44«46)* The nuclei of baaal ce l la are oval or roimded 
In shape and stain d<)rkly (Pig* 44}* itie cytopla«n of baaal 
ce l la take a good stain of hacsaatoxylln* Basal c e l l s are alao 
fotmd to be algratlng towards tho free ea l the l l a l surface 
(Fig* 44)* They are undifferentiated c e l l a and^ in a l l pix>** 
^ability give r i se to aupporting ce l l s* The raljratoxry basal 
ce l la are transformed into supporting cel la* 'ilioir appearance 
can altao be noticed in the central core of the lamellae* 
The joblet or mucin aecretino c e l l a 
The goblet ce l la are present at the d lata l part of the 
lamellae* ttielr freqiMHit appearance mmy be observed in the 
middle region (rig* 4*)» but they are jaore confined only to 
the dlatal region of the lamellae (Fig. 45 ) . they are inter-
sp<ersed among the c i l i a t ed and non«ciliateJ stj^porting ce l l s* 
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They ar« oval shaped« n«c)cl«S9 and open by an apartur« 
(Fig. 45) at th« fr©« surface oC th« olfactory apithallim in 
the intarlamollar spaces* The muclgen is secreted by these 
cells ;«ilo8s and until the t^ole of it may be ^ t rid o£ and 
the cell at last becomes empty* These marginal goblet cells 
are tranafonned t>y the tranaitionary supporting cells* During 
this procosa the cytoplasm of tranaitionary «u>oorting cells 
is converted into gr^ uriular form «»hic^  ultimately gets dissolved 
and form mucin* The gobl&t cell is SMollen with ovoid theca 
and compressed nucleus which gete shifteij towards the base* 
The degree of oampression is so acute that nuclear region 
appt^ ars as a dopressed daric stained dot •(Fig* 44)* 
The central core of the lamella 
The st^ y-Tiucosa of the l^aella on either side is lined 
by olfactory epitheliw»(mucosa)(Fig8. 38,39). It is in conti-
nuation with the raphe oroxiitially vVid with the wall of the 
olfactory cha^ aber distally (Fig* 37). It is filled with 
loose connective tissue (Ou*** i'l*) comprising of collagenous 
fiores (Figs* 40,44«45)* The mesench:^al cells(MES*) can 
also be distinguished alon^ the base^ ient membrane(Pigs* 42,43, 
44)* tierve fibres and blood capillaries are also observed in 
the loose connactive tissue. Blood capillaries can be identified 
in this sBone by the presence of blood cells in their frag-
mented remaining parts (Fig. 44). I'he fibroblast cells are 
103 
ooiftiionly ent«n?jled In thm connective t issuo (Figs. 42*43)• 
Th« his t iocyte c e i l s are alao present but their occurrence 
i s very rarely reported, AS stated earlier* the basal c e l l s 
are also encountered in the central l^aeilar space<Figs.43,44), 
The raphe i s a central elongated structure whose sub-
mucosa i s constituted by the proximal ends o£ l ^ e l l a e 
(Figs* 37«38*39*41}. A thick 3sone of basal c e l l s i s present 
(Figs* 4i«4'7}* The peripheral layer o£ the epitheliun o£ 
raphe i s made VQ O£ ci^soidal c i l i a t e d and non-cil iated c o l l s 
alternating with each other* the raphe i s devoid of sensory 
elenaents and gpblot c e l l s* The central core of the raohe i s 
enonnou^ly broad and i s f i l l e d with reticular connective t i s sue 
which entangles fibroblasts and mesenchymal c e l l s (Figs* 41*47). 
Elongated p i ^ e n t c e l l s are distributed in the matrix (Fivjs* 38* 
39*41*47)* Non-medullated nerve fibres and blood sinuses alao 
traverse through the rai^e* Nerve fibres are constituteci by 
the Joining of foliua olfactoriun* Blood sinuses send their 
fine capi l lar ies in the central cx>re of each l i ^ e l l a from the 
raphe* 
Fig* 37* :kttisscmtaX section of a port of th« 
ol£ac«ory coaetto of S«i2ilMft ^ stiow 
tim attoc^aurtt of pco c^imaS, and oia ta l 
ond® o£ XjroelXaQ with the raplio and 
t«rail oS the o^tiaatotf dhaeatmr c^iapoctivQiy* 
n ioo* 
JC«»« 
llaV. 
DI.I*^i1» 
»i«i;« 
mi^ua^^i?* 
h.\u 
:iOA» 
isi:i«r2B« 
•I ' l l . 
a*rA« 
;i«oijr»civ4» 
• blood ca^lll^jtry 
• ^Qiir&aaion 
- d i s t a l and of Icraollo 
• oiovatlon 
m interloEsellajr opax:® 
•>» louiollo 
• at«303Q 
• iKisi<<aQdullal;oi nosve £lbro 
•• roiJliQ 
• eii>»miKKi3a 
- vfdll o£ thm olfaotosy di%<jiot®r 
tAM. ^FPH. 
g c p HMNFIB-
Fia* 33* J'loris^ntal imtitiim of a port of tim 
t t i« atta<:^%iic;fit o f laRMtiisMS on ctitHiar 
« id« o£ ra^Hn* x 100* 
cz* 
DEP* 
i;jji« 
X^T*JU t^{4«SI»* 
HBA^ 
PIG* 
S^H» 
S N m * 
*» o41l.a 
• &^wm9»ioti 
* ftlwriitt&cNfi 
•>•* &niMif'l4BMilliajr n^ gMMMi 
•• a iK»0a 
«» p49!iaftt ooJlJL 
• r^3h« 
« dilb"iraiiQG»s« 

Fig* 39* mtimmt^l tiQQtiofi o£ ^ttr ioiMiJUMi 
^^ i'gfifcilli ^ «*Knt %ti» pg«milfi«ii% 
•l«w«tl£MfMi ana a«pc<wMil0ii» oil th«m* 
CiUa ar«» cXmutlf vimiisXm an tli« ajlUi%a& 
Cl« 
ai»«TZ* 
i » » * 
EliS« 
W^*UiH*d»* 
^mk* 
i^sa* 
NS^ft 
i^MilA* 
«»<sjmi<s 
'•dWli^ W W^ W^WIP^ IMBP^F ^ W ^ • ' ( B F ^ W W %i^^P 
<* <l1t||>I<llillllJH 
4* n^mmtkm 
» JUnt«r].ai»all.af' s^ gMMMi 
«» iftMBfCMUl 
jp^^^^^ww^s^WP^p ' • ( • ^ • • • ^ B P 
«» rai^Mi 
* ftlAMItKXMMli 
COW.Tf. 
PIG. 
RPH. 
F ig* 4CI« VttrtJl«sal aootion |w»aiti9 ttifou;;^ t ^ 
pmximakl regisM o f %lio lanoJLla o f 
oi various o«ll t^9«»* 3G 400* 
MS* 
CUSC* 
cs* 
DI..SC. 
£!.£* 
)m*c»t»* 
OCX* 
urn* 
« baMKMnt »)«l>r<iiMi 
«» fiiisl#ta8 ^i o i i ia tad i •ii:ipa»rtiii0 
* conncicitive tidstia 
«» 4 1 a t a i li<«b of SM^partin^i caiJL 
** illKKMMI 
• nticiistii ©f primary ISOIMWUNI 
CHlU 
• o l f «3tory vemicsl* 
* olfaotcifY OJ.]L4A 
«» ffOplltt 
POOL. 
y|i0« 41* tl»r^ M»fil.^ JL {locution pmmi»9 thearngpii tlw 
of ]MMll4Mi oti l t« either BiOm «ai •im 
arcaiigMMnK of v^ioiM mU. %fpwi* atlOd* 
tc* 
HW* 
»e»;g* 
CXMI«trI« 
C I . 
PZtSC* 
USA* 
$IES« 
mae* 
^sa* 
mm» 
mmh» 
SC*lt« 
• isNHMUb mix 
^ ^ 1k|^^^^gyg|^||^^u||^|b _g^^Wu|||yb|^_|||^^^g|^^|^ 
» HMMII « M I 
• 0Qlllli«l%iVO %i«Stlt 
« iii»|yoi» of oUiiilHNI Mpfi^ftina otU 
«» OiJUUl 
• divte^i tiism of stippoctiiig o@ii 
• imtxmimt ooii 
• fMMUMIitpial 'JOil 
«» miSiOIMI Of f«»t»»Cil,i<i«Oll 
• i 9 l ioy ib l^ i o o U 
«» a4MnMn% 4Hild; 
^ imuiMi 
• atlBMIlllQONMl 
• 0 IW«»«t i l l 9 MMMI 
.AM-
DISC 
r'^ 
RPH. ' F B C . SM. 
Fig« 42* v^rtioal taeotion ^osalng ^tn>«gli 
rtagloii of ^^'illflM to sliow th« 
X 400* 
ac« 
IIC»ll« 
i l l * 
cx« 
o^sc* 
C0K»T1« 
SM^» 
0X»ac* 
gL^* 
70*0!<« 
fB«C« 
^tl£4* 
SC*II* 
•o l»a«di c ® i l 
«• basai mm9 
«• biMMHitiHnt faes^rane 
«» QXXIA 
«» iiuaJL@»i» o f e i i i a t a d 
i9ippasr%>it»| P93.1. 
•» oa«m«3otive t isouai 
• 6«ffmm&km 
«• < l i s t a i Jli»S> o f ai^ypoctint i <»Xl 
•• Q3.<w«ati0n 
«• i o i i u s i o3L£aatorium 
*• €tbnkl>Jlast c a l l 
« otwMRidliyKiaJl o o l l 
* «ui>lx»rtJjnkfj sDrieo 
CNSC. 
9l0« 41* ll»rJMmilMUL ••QMlMi p W l B f «il«»Wi^ %IM 
«|MS« ««gl0R of turn iMMll* e i ft«jttlaBlft 
to «lioit ttm •rrmvgtmmM of varlom emXl 
tyiMMi« X #00* 
£)BP« 
FB*C« 
iMtOl 0»U 
titi3i«iti8 of pfim^^ nouROfio 
fli«3l#lMi of nm»K;4iiitlMMi supporting c e l l 
« iDrJioaiMi omftAwltim o f 

CI* • a i i i a 
m i * « fiiial«Mi of prlfMCY 
CON-TI. 
9f 0:^im ^mlXmm it^mh 
ics* 
ct« 
I1I8CS* 
<9()II«TS« 
01 •SC* 
i>x*i«m« 
oc* 
** t l iU l l OMi&lk 
« «1UL« 
« a«tat«iii mi oi i i^ecl at^^irfeiiif 
0 *U 
• mmma^l^m tisaiM 
* distal ilAlb of mafip»t%im9 
• t i i 
• ^i«%iUL «n4 c>i l«!Mii is 
• 9@^i€it <ieia. 
PI.LAM. 
Fi9« 46* VmtUi^ wmsti£»m oi ti» M&%&1 and 
mm* 
ac* 
Ml« 
ws»» 
C2* 
ciitsc* 
€l3ll*Tt* 
Q8fl^ * 
SPNf* 
i!^«SC« 
X3K«C* 
SSaS* 
WK«€* 
^ I P W ' " 
IMI« 
CWft 
<* OMBMI 0 § pfJlMtfy IMMnMMBHI 
'**' liiflMtnl, CMUUL 
^s'^ WPII^ W^Ww^WWw^P' WlW^W^Wlhi VIPRMIPV 
<» hlmtd m^kltnutf 
m 0|,|,£|| 
• miolMisi 0£ o i l j U t « l Ai«pf30i%iii9 
<3<ilil 
» mmmefU^m %i««ta» 
«a«i im«leit t 
• #Mid«iMi Of ^rliMury i^umtMi 
• dl«t«i& Ximto of ii^Kpovtliig oe i i 
•» m^ma^-i QmlXm 
« •SflWlAlAMi 
• f il»SObi4Ult OliJLl 
• g o b i ^ tmXX 
• »«Ql<MHI o f flOtl»alli^Kif«d 
990ff0gtim o » u 
• mioloyi of pwiimrf ammwm 
• o l f aofeorsr iPMii«l# 
• $»aiaa»m 4m&tixim o f prli»ary 
f X . C . ^ 
Fig* 47* it>ria^fit4l s«stl0ii oS r^AMi of 
l|»<MLlpMf X 400* 
lNHI« « Kiidnall'lWHi 0«&l 
»m* « l^ igRMMfc c e l l 

1 D 1 
SmmUmmSLmmBmm 
fiv« to Mveifi l«ii9l.l.iMi iU^i*) lying •i^ d« by sidA to oatih 
ot:lior aiia AJM» atta«;SMa on tti® vontrai side with th» i#aii 
of tho olfactory <^atal»r Cw»0LF»ai^ »)<Fi9» 48)* th« ouMir 
or iJorsai raariins QC the lacmXl&» &xm free* Hio oiS«u3tory 
ro80tt« of tl]« iisli ttjiKIor inveati^ation i s SiruoixS of je&^Sm 
&a^ i s Qonfiii^ to the ^terior part of the olfactory 
dinm&mt% At the posterior extremity of the olfactory c^ wOaer 
Ilea an ^ i^ierture i^ioh ocKiinunicatee vith the ecoee^ry eos* 
the finger i^ i^ ted l«aellae directly emerge from the 
eorfioce of the olfeotory epitheliiiii« originating fiom en 
anterior oonvergenee point and diverging posteriorly* 7hye# 
the posterior ende of the lamellae are independent* mhile 
anterior end ataerge fioai a siinple elliptical point* 
Characteristically* each ianella i s provided with 
one or two specific outgrowths* named as''pre^uherafioes* 
which are present either in the middle or proKimal region 
of the lanellaCrigs* S3«S4*SS>* the hasal cel ls are aggregated 
IQU 
in « thidk mim «nfi tiwf haw« a taoMnoy to il<om in any 
airaetion* Thm mi^xmtion oi goblafc o«lX« along witb tlMir 
•ilb»«quMtt incr*«iMi in ^lo aiwt of thooa c^mm th« dinplaoo* 
oant <>£ baaai «oiia rasuiting tha iocoation of buiging atruo* 
turaa that ia« piotilbarancaa on tha diatai aurfaoa of tha 
Xasnalia* m a gv>^ of fc>««ai oaiia flow (Piga* S3#S4»S$«$6> 
totraxtaa tha frea aurfaca^ right iixm tho cantrai oora of tha 
i4iiial.ia« a ^txttmi ifii*) axtanaa into tha piotydarimoa i^to 
i ta Oistal t ip (Figs* $3«S4#SS«S&>« eooai;@a th« baaal coila 
are intamingio^ wiiOi tha xmimg*&r calXa« tharat!»««» tha iattar 
alao flow along with tho foxmar* lirnioQ tha pxotybaranoa ia 
ttfall &vi^limQ with rec^^ t^oraCFig* S6>« h ima goblat oalla 
are praa^i^ at tho dtatal aoctraatity of Urn prstitiaranoa 
(i?ig®* 34#5&«S&)» 'Xhasa aut*»gr3riiirth@ ara tmmit for Ijncraaaing 
tha at»r£dce for tha eeoaption of olfactory aansation from 
oi^ :«ioing water cmrrtnt* 
i^Mih l i^alla oonaiata of a o^Qtral oora or atis-tainoaa 
(iai-iSH*} wnidi ia aurmunaad by a awiaory apithaliuneallaa 
Kiitc»aa(flSA*}» thm stuooaa oonaiata of ooltianar and cil iatad 
apithaliun* tlia aui>«uooaa ia oonatriotad dya to danaa and 
thim oxganisatioii of mtiooaal layar* A «#ali«»dawalos»ad baaataant 
aianbrana (an*) damareataa tha oantral oora frcMa tha aanaory 
apithalitmCFiga. 48«4»«Si«S2«S4«$5)« 
Tha olfactory apitheliuM ocmaiata of tha fallowing 
43all typaai 
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U 'Stm •i«>s)ortifig or •tjst«iita«ul«r o»lU» 
2* the r90«ptor omtlM or primary iMiurEiMMi* 
4« flie 90l>i«t; or cauQiii ••crating oftils* 
T$)9 aotltKince of arrangmiiQiit of variatis o»:Llii3Lar 
«&@mi8it« and their nuelcd ulom th@ ttii«^ }cno«9 of tJtm 
olimtiorf •;>itlieiiu(ii i9 as §siltmm* 4v&t naxft to tiio bas«r!t6nt 
rmsa^td^m aro t ^ ooncMintrated l»asal OC«} ani3 reoiriior c«l.I«# 
alc^st «ra«qniyai@tribut«^ tlimur|liotii& t!i® olfactory c^ittieiitiRi 
CPi'jo* SO,Si#SS)» I9€»ct to th& isj^ai and ir€»e@^ 9tor »»»•« i s thm 
&%^ymrtin^tmiGQ*z*U Thd coltmiar'«$iliat®a s^^porting (s&ll9 
artt dituatoa at vaUabie a^th8« «»itt) thoir peissiineRt %oti^ 
aistal linftk {^ iviftcp th@ InpemuBion of a eloar out su^iortiRg 
aone (i^igs* 49#S0«S1#S3)* '^o distai portion of thA olfactory 
larsolia i» oooqpiad by tti090 aistai lIMm witH their oi2ia(CS«| 
projecting into ttie interiaraeUar epoeeo (Pige* 49«Si)* i^e 
goblet ceUe ioc»} are not only pxeaent along the free surface 
of the oif aotory e^it^ieiiun but eXao at variable' levole in 
the supporting aone<rigs» S0,53#S4«SS«S4«S8I* 
The supporting cel ls are o9li»inar and ciliateil« lying 
at variable levels giving an indefinite shape IK> the supporting 
eone(Figs* 50«S1«S7)« 'Hie si«>perting cell has rouna nucleus 
with clear dhcomatin itiaterial ana basally pl^ iced nucleolus 
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th« tMUi«l part of tiMi o«ll» «t tmmt irarJ^d l«v«l» without 
fofialna any mtinitm Km» (Pigs* 49«SO#$lt54«S&«57)* 
Sadi aiii^ iortirKi o»Xi ftas « dl«t«l and ptoxSmml ttnas* 
Tba loiig» oolinnar diatal and of ttia •i^ >po]:tin9 ea3.1 raaclMia 
tTio aqporfiQial •inrfaca whex« tho ol i ia axa Itasyiantad on 
basal ix^dicis (Viga* 49«5l}* 3ynchxonou» and unJMiic<eotional 
i>aating of clJiia eraato itatar currant in tha int@r ianeilar 
apooea* Hia mi^th o£ tha intarlamoliar ax^ aca oXwaya raaotias 
4MD optiaai vaiua ao ttta oii ia of ono aida do not Interfora 
in tiia isaating of oii ia of tlia o^xiaita aide* ^ha diatai 
liTDbs Of tlia at^^xirtir^ ealiaara of varial^io lengths defending 
upon tSia poaitlon of nwsJl^ i, whX<i% aro ixiraguiori? diatribu&od 
in thia 9P>na C i^^ a* 49#S0«S1«S5«S6«S?>« Cidar hccioganfiout 
oytopit^ KS i s ^raaant in tHa diatai XiM> (i'ig* S7)« tlie pr»» 
sclsnai limb of ttio aupporting caila ia t&t olaar dua to ita 
lilting with tlui oaiiulor oaf«|x>n«tit praaant ixidNimaiatiik ttian* 
k%X tha ai%>|x>rting oaiia roaeli tita baaai»ant laaraibrana Dtit ail 
of tham do not aactwnd upto tha f raa aurf aoa* thay ara aiao 
irraguiarly diatrli»iitad in pzotubaranoaa with a faw nobiat 
ealia* Tha tranaitioiiary aii^porting eaiia (TSC)CFi9» S3) 
undargo tha pcoeaaa of uiuolpasoua activity and ultlKiataiy 
tranaionnad into gobiat eall* 
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iUpoor and ojha C 1973b), in Cynoq^aam olloaletiim. 
obawrvttd an InoonspicuotM and valvular poatarlor opaning. 
ojha and Kapoor < 1972) raportad valvular iX>atarior opening 
A« wallaaQ f t tu i Pfaiffer (1964) in Haolooaari;^ guanthari i 
8uma (1909) in macXrall, akipjack and Gooding (1963) in 
Katauwonua palami^ * Contrary to thia« tubular postarior 
opaninga hava b«mn dascribod by Kioderahaim (1906) and 
Buma (1909) in case 6£ Muy^y^t MlSM «n<5 ftVTflyi^tt 1MC4SUI 
respectively* i<ier.aann (1933) and Johnson and Bsown (1962) 
obaervedl the pxesenee o£ m>n»valvular posterior nasal 
opening in Perca and aebaatode^ malanop»» 
i]^ving at J 4 * (1977) and UsSvinq and Th(»3knesen(1977) 
divided the olfactory paaaage into three ajcapartaienta. They 
reported the presence of a vestibule in front* and gallery* 
behind the olfactory rosette in fishea *mere ' c i l iary 
action i s employed to transport water through the olfactory 
organ* Such fishes* according to them* are termed as 
i«osi«ate«* These f ishes generally do not have accessory 
sacs* Rut the pr«Ment author daes not agree with the views 
of caving i m * (1977) and qcfving and Thownesen (1977) 
because B.sticiwa i s isosmates but the gal lery i s absent. 
The vest ibule i s quite large* 
On the other hand* f ishes where the accessory sacs 
are found to be well developed are cal led as cycloswates 
IS 
acooinSina to t^vin^j and Thotwii^«n (1977) and E^ving 
5 t J 1 . ( 1 9 7 7 ) . Th«y report«d that in cyolosmatcs^ th« 
oX£actory organ i s not divided In diee<ir«nt oo!npartm«nt» 
by a valanctt« and thttre i« no v«stibul« or galXary* Thm 
olfactory ro8«tt« in such f ishes i s situatad in proximity 
of the anterior nasal pora* iio«rav«r« tha prasant author 
contradiots l^vina ^t jy^ » (1977) and T^vinq and Thofwnasan 
(1977) and augigastad that no c»rr«lation ex i s t s batwaan ths 
prasanco of vastibula and gal lery and tha absence o£ act^aaory 
sacs becauaa H*temrtiinoki (oyolo»nate« according to Qifving 
and Thom:aQS@n*s 1977« c lass i f icat ion)* poasesses ix>th 
gallery and vestibule along with the accessory saca* 
Qdving et al> (1977) reported in the teneh# carp, 
roach, e » l , cat f i shes , tcout and (Jbgfiah the olfactory 
chamber being dividcKl into anterior vest ibule and posterior 
gallery by the valance which rests on ol factory rosette* 
The entry of water takes place into the vest ibule through 
the anterior opening* 'She water tJiroiish vest ibule f irat 
cornea Into the central part of the rosette* ttien i t gets 
diatributed in a l l the corridors (Interlaaiellar spaces)* 
The water through corridors ccnes in the peripheral 
channels on each side* The valance prevents re-entry of 
water in the vestibule* Then the water accumulates in the 
gal lery and i s f inal ly expelled out through the posterix>r 
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opening* Accor<SJLn9 to qt^vlng «|^  ^ . (1917) th» c i l i a r y 
action in th« corridors i s rssponsibl* for th« watsr 
propulsion* in B«atia»f wdt«r c irculatss in a similar 
mann«r as dsscribi^S by S^ idving JiS, jj^* (1977). Similar 
pattern o£ w3t«r circulation has boen obasrviid by Raivnani 
(1979) in Caranx oblonaus in which the valance touches the 
rosette but well defined vestibule and gal lery are absent 
because the rosette occupies the nmole of the olfactory 
chamber* 
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&AQh olfactory organ oon»i«t« of a cavity linad 
with tha olfactory «pith«liwi« mhicH ia aanaraily raiaad 
£rcm tha baaa of tha organ into a oomplicatad aarioa of 
foida or iamallaa to frcMi a roaatta* Thaaa folda or Ittoalia* 
incraase tha aurfaca of tha oXfaotory apithaliun* A graat 
variation haa baan obaarvad in tha arrangamcmt^ ahapa and 
dagraa of davaiopmant of iamallaa of tha roaatta in talaoata 
item apaciaa to apaciaa (Hara 1975)* 
Aocordingi to aataaon (1889) fotirtypaa of olfactory 
roaatta can ba diatinguiahad on tha baaia of tha arrangaoMMnt 
of olfactory folda t C D in akata and dog fiah, tha plataa 
ara fotmd to ba arrangad on tha inside of a hollow capaula 
in a radiating ^annar* lika aapta of an oranga; (2) in oongar 
and aal tha plataa of tha organ a m arrangad in two rowa on 
aithar aIda of tha oantral rapha« i^on which tha two rowa 
ara foldad longitudinally So aa to iom tha lining of tha 
Olfactory tuba* ttia folda of tha olfactory organ of aola 
ara alao arrangad on tha aimilar plan* aiecapt that in it 
13^i -^  
th« longitudinal raph« !• 6mpfm9m<i so as to constitute a 
groove irom which th« plat« risas up on aach sidai (3) th« 
third typa o2 ol€actory organ of which tha aacond is a 
aoaifiaation« is that ooat oowaonXy found among {iahas* tha 
platas in it ara fittad togathar in a radiating mannar 
forming a conv«c aminanca in tha olfactory chambar* Tha 
shapa of tha organ dapands on tha nuvbar and shapa of 
tha Plata of which it is cd^poaad* it ia oithar circular 
(as in Cg»yyyt, and Hot^lla laui&Sift > or alliptical (as 
in tha naclearaDf (4) An antiraly diffarant arrangamant of 
olfactory fold is found in all spaoias of Plauronactuf and 
Hwaoaloss^ vulgaris* Thasa fishas hava only ona row of 
olfactory ploitas* Tha raphe is aba^ smt* Tha platas ara 
arranged in a singla serias* thua thay lia in a direction 
parallel to the long axia of the body and not transversely 
to it* as the majority of tharo do in other types* 
Bums (1909) studied fishes belonging to 32 farailies 
and 51 g«nera and sug^sted three types of olfactory rosette* 
Oval cosette is ooaraonly present among caost of the fishes* 
It is observed in 32 genera atudiad by hia* siongated 
rosette {M in Anauilla ) ia seen in 7 genera« while in 
3 the circular or round rosette (in Esox )• in few other 
genera like lle|oHe* Heeirfaamphus the olfactory organs are 
devoid of rosette like structure and its place is taken up 
by a nuahroott shaped laoss like structure* Fishes with 
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•long«t«(l xosttttft utti&lly hav» « l«rg« nunlaer of laiMll«« 
«nd thiM shcHir a good p«rc*ption toward* olfactory stimuli 
(aaoroaaatio forsi)* th« fiahaa poaaaaaing circular roaatt* 
hava a fa«t niitbar of lamallaa only and thua show a poor 
bahavioural raaponaa towarda olfactory atimuli (micjcoamatio 
form)* Tha apaciaa with oval roaatta atand intarmadiata 
batMoan t.ha two and la tnoat. comeon* 
Burna (1909) furthar ka^ i^ngi tha ahapa of tha roaatta 
in view olaaaifiad thaea in columa and typaa of Bataaon(ld89)t 
( i ) tha axia ia taoat fraquantly linaar and ia continuad to 
ttvt front l ip of tha antarior noatril* am in HaddocH* tha 
roaatta uaually attaining an oval form (Bataaon*a typa 3| 
3uma*a (loaatta Colucan Z)f ( i i ) tha lamallaa radiata in 
a l l diractiona frosa tha cantra to giva tha circular ahapa to 
tha olfactory coaatta« aa in BS3i» Qp t^"* (Bataaon*a typa 
3i Buma*a ftoaatta column XXI )i ( i i i ) tha axia ia alongatad 
and tha lamallaa ara arranged in parallel aeriaa at right 
anglea to i t giving tha coaette mn appearance of an elongated 
fornix aa in i^la« to a laaa extent in siluroida (Bataaon*a 
typa 2$ Bvamm* a Jioaatta Coluan XX >. 
The f iahea %#ere claaaif iad into three main gtoupa 
tof Teichaiann (1954)id) thoae poaaMiaing equally well 
developed optical and olfactory facultiaa are aye-noae 
fiaheay (ii)thoae with a predominantly developed optical 
r" 
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faculty Arm my timnmm, mtd (111) thoM tfith m prmAmlaMtly 
d«ir*lop«3 ol£«otory £aoulty *xm nomm f iah««* 
T«iohM«fin(l954) ewthttr Xinks th i« alaMi£io«t lof i 
with i!at««on*«(X8d9) and Bmrm*m U909} catagorlsations o« 
olfaotary ros«tt*« H* al«ifli« that tha oval (B«t«aon'« 
£0»«tt« typ« I f Burn«*« »o««tt/« Coluwi x ) , oireular 
(Bat«»on*» »oa«tt« typ* 3| Bvanrn'm Roaatt* Goltan XXI}, 
and alongatad (Bat«aon*a roaatta typa 2§ Bucii«*a aoaatta 
Coliisn XZ) roaattaa can ha linkad with hia own £irat« aaoood 
and third grot^a of aya«iioaa« aya and noaa fiahaa raapao* 
t i v a l y . Xn othar wot&m i t can ba oonoludad that fiahaa 
poaaaaaing oval coaattaa ara pxovidad with aqtialXy wall 
dawalopad olfaotory and optical faoialtiaai tha oiroular 
jroaattaa with pradotainantly davaloparS optioal faculty 
and tha alongatad xoaatta with pradominantly davalopad 
olfactory faculty* 
Bartmar (1972b) propoaad that oval roaatta i a not 
only raatrictad to aya^noaa fiahaa but i t way ba praaant 
in both maosoaiaatio (noaa f iah) and microaaatic (aya f iah) 
fiahaa* and thua tha ahapa of tha roaatta ahould ba of no 
aoological aignificanca* 
i«atar ojha and Kapoor (I97la# 1973a} worlcad on 
h i l l atraan f iahaa« namaly g^SM. i f i lsOl •"^ 9\y9P»%^i^ 
ta lchi t ta* Both of than hava atitbtarminal aouth and a t t a ^ 
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th«iM«iv«a to th« substratua thcough th«ir v«ntral 
a4hMiva apparatiw* imil« thm tlah im ao «ti:«oii*di tti« ••na* 
of oie«otion as«tne» m gr9at,«r ifaport«noa ttiotn vlmion* Tli«y 
otMi*rv«d that botti th« €i«h«s ac# pzovl<S«d with an oval 
•hapad roaatta though both of than hava pradtominantly 
da«#lopadi oifaotory faculty and toa appropriataly plaoad in 
TaiQhnann*a (19S4) g c o ^ % <»«priaifi9 noaa €iahaa 
<aia<3foaaat)> Aecocdingi to Taichmann (1954) both thaaa fiahaa 
should hava* an alongatad coaatta* Thus ojha and K^^oot 
<197l a« 1973 a ) found that tha faaaibility of linking th« 
olf^Mstory faculty of a fiah aaccltwivaly with aucai a «oepho* 
logical critarlon 9m a ahapo of tha xoaatta. tharafora# 
appaara quaationabla* 
Risvi and Khan (1978) obaarvad an oval ahapact 
roaotta in cg^JUi f?^^yP!l«^g| though i t balonga to Taichaann'a 
(1954) gxot«» 2 of aye-£ishest<»^<3Xoaaat}* Aecoirding to 
Taic i^eoann'a (1954) olaaaifioation« this fiah ahould poaaaaa 
a oiroular xx>aatt«« 
flatmani and Khan (1981) alao do not agraa to tha 
viawa of TaichRiann*a (1954) and ati^portad OJha and Rapoor 
(1971 a« 1973 a) baoauaa thay found tha olfactory faculty to 
ba pradoiainantly davalopad in Sohiooua suE£>4ft (noaa»fiah) 
but tha oval ahi^ad roaatta ia praaant* According to 
Taiehnann (1954) i t ahould hava an alongatad roaatta* 
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Pandey And Sar«l« (1980) «l«o ol»«sv«(l «a ov«X 
flh«p«S ros«tttt in H»rpodon n#i»g»iff though th* fish po«««M«a 
« prcaomliiantly <S«v«lop«d oXfaotory faculty (iioa*»fi«h}* 
Xt should hav an alongatad xo««tt« aoaording to Taiamann 
<19S4). 
Th« pr«s«nt author alao doaa not agraa to th^ 
vimm of Tei5htaann(l9S4} and ai^parta Bart(ftar(l972 b)* 
Ojha and Kapoor (1971 a,l9'73a>, Risvi and Hhon 11978), 
Ral^ani and Khan (1981),Pandey |Kid|Sarala (1980). It 1« 
oidaarvod in Qorydoraa aanaua that iaoth optical and olf aetory 
faQultiea air« noil d«v«lopaa and toth play an i^i^rtant col* 
in thB saaroh ior and raoognition of food* Xt i»«lon9a to 
ToJU;hraa«n *£i (19S4) qgx>v^ ono of aya^noaa fiahaa* But 
Caanaua haa a b«»atlo 8hap«d olfactory roootta* According 
to Taichmann (1954) thia fiah ahould hava 4n oval ahapad 
roaetta* Tha baatla ahapad olfactory xoaatt* of C»aanfua 
cannot ba claaaifiad undar any of Bataaon*a (1889) roaatta 
typa or 0ume's(i9O9) Roaatta Column* Tharafora tha praaaot 
author ooncludad that ahi^ >a of tha coaatta ia r^t raatrictad 
to any of tha groupa of Tai^mann*a (1954) claaaification* 
Tha oval ahapad olfactory xoaatta of Barbua S^iSBB. 
ttith a linaar rapha oorraaponda to Sataaon'a (1889) 
roaatta typa 1# and Buma's(l909) coaatta oolurtin x* It 
fa l l s undar group ona of aya-noaa fiahaa of Taichmann^a 
(1954) claaaifcaticn. 
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Th# •KMHi«t«d roMtt« of fSaaiM vitt^tuf with « 
n«rcow o«ntr«I r«ph« o«n b« ol»«ai£jeci with Sat««ofi*»<i889} 
jroa«tt« tysM 2» and 8uni«<i (1909) Ao««tt« Column XX* xt 
timXcmqm to TAic^ vti«nn*« (1954) qvovp thr«« of no««»fi«h««« 
In th* otimt ii«h ^flfff^ffffj t—alnff^i • qiMdrangular 
•hApad xo»«tt« iM ohuarvad with th« long axis of i t« lani«li«« 
•rrangad parftlX«l to th« ant«xo»{»st«riof axi» of th* tx>tSy of 
th« fish* i%« xos«tt* of §• t«tflffllfic?fi Q«n h* piaoid uiidar 
3at«aon*« (1889) to««tt<i typ« 4» «nd Bum«*s(i909) Ho««tttt 
Colmn IV* 
Tha ras^e la preaant in moat of tha fiahaa* AooactSiim 
to Hara (1975) a cantral ridge or rai^e ia focmad coatro"* 
caudaily on tha bottom of tha olfactory ohamhar and from 
thia firat ridga a variad nunh^r of tranavaraa lameXlaa 
radiata* ilia r^ha waa tarmad by sranaon( 1963) aa* oantraX 
cora*** Buma (1909) atudiad 52 g«nara and ha ohaanwd 
ocRitral rapha in 42 of than* 
xn tha pr—mit invaatigation* rapha ia praaant in 
»• gticKia. a* vittftoa and £• §m§M' ^^1« H* r^fflftV^HI 
ia davoid of a t^kv9M^• 
Xn tha rapha-laaa fiahaa tha nuahar of lanallaa 
ia uaually raatrietad and aucm fiahaa ara usually* not 
always* mioroaaiatie in natura* Tha numhar of lamallaa in 
li* taawiin<yki rangaa from 10 to 13 in both tha coaattaa* Tha 
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fiiMb«r of laflMillatt in ««Bh jEo««tt« in sonMi of th * fstm-^l—m 
tiMhtm i » (S«»orib«d «§ £oilo«ra t S«« teout(14»ie X«MilXa«) 
(B«rtm«r, 1972b)i Chfiyif p w c f tuf (12-24 l«ra«lla«) (Kapoor 
and Ojh«« 1973«)» X a i ^ ^ ^ f i oaiiQila CD CSingh« 1972}| 
Qf^fgpte"^ fQ^f^lMf (2) (iriind«r« i9S7)i s»b—todaa 
a»l4tf>oftf (30 iaai«ll««) (Johneon and Bsown« 1962}| Saatiootuff 
voiitana (1 laiMUa) (Kh«n and Ra)iiiiani» 1979)/An«baa 
t — t ^ i n e y (7-10 I M M I I I M ) . Q f f l l i i Ijf^o^f^,^, <^7 I M M X I * * ) * 
^^i^ g'^ tf^ dua nandua (7«'10 l«BiMll««)(Rahi«ani« 1979) and 
a iAl f^ I f ffYinCff^ft t''-^ l««aUa#) (Riavi and Khan,l979). 
Xn ttm rapli«-X«>aa fiatKia tim laataXXoa aria^ 
vortiaaXXy ngmmrA item trm tXoor o€ tliMi oX€aatory ctiacabar* 
Tna XacsaXXaa in tna olimctory zoaa»tt«t ar« arrangad with tha i r 
Xoemt axia orientad aliaoat paraXXaX to t ha ant«io«poatarlor 
tKXim o£ tha hody o£ £iah* QtJdh a typa o£ roaatta haa b^m 
daacribad by K^^oor and OJha (X973«a) in Qianna punctatoa* 
SiftiXar pattarn of coaatta ia obaanrad in H.taragi^ incati 
by th« praaant a i^Ahoc* I h * dif£«ranoa Xiaa onXy in th« 
dagraa of apacin^ of XaoiaXXaa. In Qj^aBEA t>%^na^»tv§ 
tha XanaXXaa ara oXosaXy arrangad to ona anothar« «ihiXa in 
H«tawminol^ ^ tha XanaXXaa aca <3Xoa«Xy aat at tha antarlor «nd« 
but tha apaoa batwaan tha XamaXXaa graduaXXy inoraaaaa towacda 
thair poatarior and. Tha middXa XanaXXaa ara Xargaat ifhiX« tha 
aiaa daor«aaaa towarda both i t a XataraX anda, auoh that 
anaXXaat XanaXXaa ara obaatvad at thaaa two anda- Thua i t 
wouXd appaar that tha addition of now XanaXXaa takmi pXaca 
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• t %nm two lat«r«l •tkis of th« jeos«tt«« Rahmani (1970) 
r«£»ort<M9 siioh typ* of «o««tt«« in ^^ftfj ^SlJaiatoBit* 
SStilii iif,ff4i%Mf «n<S HiaSsa maSM* ^ « tmmon of l««Mr nixniMir 
of iMiwXia* ill r«s^«-l«s« fi«h«t In oorapariaon to tho«« 
f islHi* h«vin9 r«pii«i mmy tm dMcrib«d «s« tti«t vith «n 
inor«ik«« in th« t i s * of tli« f i»li« thm apaai of th* ]eo««tt« 
aXso «nidrg«« resulting in tii« Inorvas* of th« nuitbar of 
IfBiMtilac* h9 th« lateral anda of auoli roaatta aca Maiiad 
kff median athmpid ai»!S Xaoari^ ai bonaa* tha addition of mvserous 
i4KaaiiM> at aucii anda ia m9t |ioaail>ia« fh* praaant author 
oiysartrad that tim oifaotory foasa of H>tyaKaincflci in «rtiic^ 
tha Foaatta ia lodgad ia lioimdad latarall^f isff iaoin^al and 
lateral, atlvnoid ifhi^ rastrlot tha numhar of lamallaa* 
In raphad fiah<Mi« in tha praacsit invaatigation tha 
nuabar of Xaraailaa vari^ Mi from 74 to 102 in laoth eoaattaa 
if* >4*vittatua* from 48 toS9 in SL^SMSBM, *•** ^*^^ ^^ ^ ®^ 
h^ C.^ anaua* Tha devalo^ant o£ iaroallaa oagina oau<^ ad and 
pgo^gm^tmm roatsBd ao that tha oldaat and largaat lierMilia ia 
ioaatad laoat poatariorly in thaaa fiahaa* tha anallaat 
lamaXlaa ara ohaarratS to ba praaant at tha antarior and 
of tha xoaatta indicating that tha addition of nmtt lamallaa 
t^aa piaea at thia 4md only* Varioua ii«orIe«ra raportad that 
tha nunbar of lamallaa inoraaaaa ttith tha aga and aixa of 
tha fiah i dataaon (I889)f Buma(l909)i Liamann(1931}y 
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T«iehBi«iiii<l964)f E«ton (1954) I Sohnalhausttn (I9e2}f Johnioit 
and dzown(X962)r Kl—t^oprnt (I969)i ojh« «ad Kiqpoor (1971 «« 
1972, 1973 •« 1973 h, 1974 ) | Kapoor and OJh« (1971 «« bi 
1973 a«)»)| Hartt(197S>i mtvlnq f | j|^»(1977)^ Pafia^y and 
Saralaf 1930)1 ftahaMUil and Khan (19dl)* 
Ptmlitmr (1964) raportad aimilar finding* in 
Ha»loy^qi^ flVfyi^nfg • «• <owid 36 laraallaa in on* to«<«tt« 
in a fiah ttMaatiring 63 am, umila 230 folds in s fiah of 
ai«« 480 ran proving that an inoraaaa in tha nuMbar of tha 
laiiallaa takaa plaoa with a oarcasponding inoraaaa in tha 
aisa of tha fiah* A«oording to him tha J^craasa in araa of 
tha olfaotory <tpithalium ia rK>t only acoonpliahad toy inoraaaa 
in nuahar of folds hut also toy tha growth of tha individual 
folds* Tha ittoat postarior folds ac« tha oldast and largast* 
2 Thair aurfaoa in a 60 acs fish was 1 ran « whila in a 480 em 
fish i t was 16 fm *^ 
But l>faiffar (1963#1965) furthar raportad in 
OncQghvnchus and Lota lota that tha numtoar of transvarsa 
iMMllaa inoraaaas with tha gxowth upto a cartain langth 
and than ramaina ralativaly constant* thus in largar fishas 
tha inoraasad araa of tha olfactory apithaliuw ia dapandant 
on tha growth of individual lamallaa* Kapoor and OJha 
(1972ail973 a,to) and OJha wnd K49oor(197la»l972fl973a#bil974) 
do not find Pfaiffar'a (1963«196S) findings trua in any of 
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th« •ight •smtsimm of t«l6osts (including c«* iirnhm^ amtp9, 
tlmt £l«)i«s« snalctfti^ ad and mor«y) whl<m tfmf studlttd* Th«y 
olalA that any g«n«r«lia«tlon of su^i klnd« in ordar to 
tm aooaptabla^ should b* l»Mi«d on an asianinatlon of a 
auff ioiantly larga nuabar of f iahaa. 
Davitayna (1972) raportad in Whita Saa ood« navaga 
and burixit that 'nmbar of folda in tha coaatt* whl«^ liaa 
on tha floor of olfaotory aao^ ranain ralatlmily constant 
and <^«uracteriatio for aaoh apaolas* Oonsaquantly mnlMq»>» 
oant of raet^tor aurfaoa ia at tha axpansa of an inoraaaa 
in tha araa of tha platas and not in thoir nwibar*** ivundar 
(1»S7) auggaatad that tha funotional affioianoy of tha 
organ inoraaaas in diraet proportion to tha inoraaaa in tha 
olfactory araa of tha fiah« whila Pipping( 192«) * Moulton 
and saidlar (1967) hold a contrary opinion* In j^abas 
taatudinaua (Rshaani and iChan« 1977) tha nuabar of lamallaa 
in adult fiah varias from 7 to 10 and no oorralation with 
raspaot to tha ntnbar of lamallaa with th« sisa of tha 
fiiOi can ba aat«bliahad* Sinilar findings as obaarvad by 
Rahnani and Khan (1977), haira alao baan raportad in SS^ UJdl 
1>^f%^lfrt toy aisvi and Khan (1978). 
In tha praaant invastigatlon, tha nuabar of laaallaa 
ara found to ba incraasing with tha aiaa of tha fiah in 
a^Vl^H^tii* Si'MSJsm »^ a*3aaBlasaii' f»*« ^aphad fishas 
possass mora nuabar of lMallaa« whila rapha»lass hava 
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i«s»«r nuiiber* It i s ob«ttfV«d that th« addition o£ n«w XMMIIM 
•how* m groator incr®«a« in thair numbar during tha gzonrth 
oC tha fish in tha raii^ad fishes in oomparison to tha 
riHC i^a-lass f ishas and with a corrasponding inoraasa in 
thair ntittoar tha araa of tha olfaotory apithaliua also inoraasas< 
Pot axar^la, in a rapha>i fish H*vittatua (Tabla X^A^B l^ iah 
No* l#S} tha sisa difCaranca battiaen tha wnaJllast (76 nam} and 
iajtgast (120 (am) s|»aoiraan i s 44 ssm and Uia incraasa in tha 
nimhar of l«%aall«M i s 28 in both soaattas.Xn anothar ra,pt\mS 
fish B.ationta undMr invastigatlon* tha siata of tha fish 
rangas from 65 taa to l i o mca* showing <tiha sisa diffaranca 
batwe«9 tha smallest ar^ laingast spaoiman of 45 mm (Tabla 
XX,A«S Pish Ko« 1«5) and tha inoraasa in tha nunbar of lamallaa 
in both of tha eosattas i s 11 • ^ i l a in tha fish H*ta;^incki« 
which i s davoid of ra|^a« tha sisa diffairanoa bat«fa<»n tha 
smallest (25 am) and tha largast (43 tm) spaolman i s 10 mm 
(Tabla /XlX^A.a Fish »o* 1«5) but tha addition in tha nvrabar 
of la^ l laa i s of thraa only* Howavar« no coriralation i s 
obsatvad wjith raspaet to tha numbar of laaallaa and sisa of tha 
fiah4 7 ' 
on tha othar hand, in anothar raphad fish £• ^anauf^ 
thara axists no corralation with raapaot to tha 
/ 
nyn^ b^ar of lamallaa with tha aisa of tha fish and« tharafora, 
/ *5/raaa to tha findinga of Rahmani and Khan (1977) and Risvi 
f^  Khan (1978)* Tha nimbar of lamallaa varias in aach rosatta 
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item 7 to 9 in C.a<iwy»* h £«w sm«ll eish«s haw 9 l«R«li«« 
whll« many larg« on« hav« 7 only. It is obs«rv«d[ that 
numlMr o£ X«ii«ll«« is constant in fishss numbsr 1«2«3« but 
th«rs occurs a gradual inoreas* in th« olfactory ar«a from 
9.12 oMi^  tol7.94a«2 ^^^^^^^ IV,B,H) which is approxiaiately 
dovtola o£ ths arsa o£ tha first €ish* Though no addition 
o£ lamallaa dxist yst tha olfactory araa incraasas t^ich 
provas that t!em Vnor««»« In tha sipiVYMXial axirfaca araa 
is through •nlargamcmt of tha individual laraalla* 
In viaw of tha prasant author tha new lamaliaa ara 
addad with a osrrasponding incraasa in tha aiata of Uta 
£i8h« 8ut it is not a strict rula always to toa followad* 
In soms fishes tharo may ba no corralation batwaan tha 
nuabar of laflsllaa and siza of the fish* tha prasant auttor 
also does not find tha lamellaa attaining a constant numbar 
aftar a cartdin growth of fish* Sha agraas with tha findings 
of Pfaiffar (1964) that tha area of tha olfactory apithaliin 
o£ tha individual fiah is considarably inoraasad by tha 
fotaation of naw lamaliaa and by tha growth of thosa alraady 
prasant* 
In M.yittatiMi^ tha long axis of tha rapha ia oriantad 
obliqua and forms a amall angla with tha madian axis of tha 
body of tha fish* with an incraasa in tha sisa of tha fish* 
tha snout also undargoas alongation rasulting in tha davalop-
mant of rosatta* It may ba tha raason for tha graatast 
incraasa in tha numbar of lamaliaa in tha alongatad snout 
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£ish«9« such as ••is« cat iimhm and noraya* Aa tim 
lataral athraoid ia looatad at tha poatarior and of ttia 
olfaotory chambar* tha davaXopttant of rmphm ia jraatriotwS 
at thia and* Tha antarior and which ia ralativaXy fraa, 
aliowa tha davalopnant of rapha* thu«« tha addition of 
lanailaa takaa placa at thia and only* 
Ko«ravar, fCapoor and ojha (1973 h) raportad m» 
mmml featura in CYg^ ,^J^ ftff„nf oliaolaoia* Thay obaarvwS 
that new lanMiliaa ara addad at hoth anda of tha xoaattaa 
that ia at tha antarior and poatarior anda in tha caaa of 
tha right and at tha doraai aiki vantral anda in tha caaa 
of tha left roaatta* l<iermann(1933} obaarvad in anothar flat 
f iah PlatMPonactaa that tha inoraaaa in tha nusdaar of lamalla* 
ia affaotad at both «ida that i8« antarior arid poatarior 
anda of tha roaattaa« Zn cAoat othar fishaa* howavor« tha 
addition of lamallaa occura at tha antarior mnA of tha 
roaatta only* 
Tha lamallaa ara fcaa at tha doraai aurfaca ilhila 
atta<dtad vantrally to tha wall of tha olfactory ^ithaiiua* 
Tha apaca bat«faan two lamallaa ia callad aa intarlMallar 
apaoa which ia tarmad aa corridor by Cloving i^ jlJl*^^??)* 
Tha lamallaa of H«vittat<3a and ^-jUsJimM b«ar lingulform 
pxoemmmtf on thair doraai aida at tha diatal anda« whila 
thay ara wanting in C*yanaua and H.tawminoki* Irving a^ ji 
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(1977) t«CTi«ia th»»« Xingui£ont pxoc«s»«« ••"thimb***. Th« 
thiMlM of H * v i t f tiM «nd B*2tig«Sj| aivdjtSsth* olfAatory 
£oa«tt« into c«ntr«il part bearing th« r«ph« «nd two 
peripheral channels extending on either aide o£ the roaette 
through out i ta length between thUQba and wall of the olfactory 
chamber* Acoocding to qp^ving a t Jl* (1977) water f i re t enter* 
into the central part through the anterior opening* Then 
i t passe* via corridors into the two peripheral channels# 
from where i t proceeds towards posterior s ide of the rosette* 
At las t i t i s expelled out v ia posterior nasal optnning* 
The linguiforsi processes are oiMierved by various 
tiioi^cers in nufa«rou» f i shes , such as , wallaoo attu* l*ataeo 
rohita (Ojha and Kapoor, 1972,1973b), Tinqa tiiy^a (l^fving 
jgt a^., 1977), Ephippus orbislRahaiani, 1979), Notopterus 
notooterus(Sharma ,e^ , el,*, 1980b)* The f ishes devoid of 
l inguifom processes 4^ re Huraeni^  W\4alf^ f^fi «n^ 9liQM 
punctatus (Kspoor and ojha, 1972 a, 1973 a ) and Oadidae 
(Devitsyna, 1972)* 
Caving and Thoaiiitesen( 1977) and qdving j | i Al* (1977) 
suggested that , "the spacing of i^e corridors must mgptomdh 
an optimal value sinee too large a width w i l l create local 
currents and to narrow a width wi l l increase the resistance 
to water flow and make the c i l i a on the two walls interfere 
with each other? The oorridors are narrowly spaced in 
H.vittatus and B*ntfqwa. while in £»§fPf^ they are widely 
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••p«r«t«d# Mid thtif t\nm iist«rl«i«Xl«r •paces «c« •p^sious* 
R«hM«iil and Khan <i98l} obiervad nanowly «p«o«d lnt«ri«n«il«r 
•p«QM in CjiSiSS 9^il9^^m •ncS gg>^ 4gg<ll 2Jd£lJkt« v)>i^ « wid«ly 
•«par«t«a in OtoIithiMi Tcwnf u«« 
With tli« growth o£ %km f iah tii« i«t«Ii«« gt a«oll«n 
«t th« irmm doraal aurfae** How«v«r« th« base of tha i«n«iiaa 
rwiftina oompa]t«tiva]ki^  ^hin• 1% !» obaarvad %ln«t th* dlatano* 
batw««n thm oarri<tor» or intarlwiallar apaoaa doaa not Incraaaa 
with th« 9roi#fch of tha iiah* It Im notaa that tha avaragia 
tfidth of th* int^rlaflKiIiar apaoa of a amalX fiah i s almost 
•qtml to tha iarga orni* l l i is optima diatancw b«t«f««n th« 
corridors i s maintainad hy tha a«iMlling of tha laoialla* hyt 
tha increaaa in X«oailaa width ia not muc^  so aa to touc^ 
ths othar iamslla* tH\M0 i t i s obvious that ona of tha main 
functions of tha swalling of tha lamaliaa in large spaoiiAans 
i s to maintain tha optimum width batw<Mn tha lamalXas* 
In S^^yaat ^^ A» obaarvad in tha histoXogioaX fi»^ «^Kr» that 
aaoh XamsXXa Xm providad with alavations and daprassions whi<^ 
not onXy inorssss ths surface of the oXfactory tpitheXiue 
but aXao itiniiftise the distance of the oorridora in order to 
make the ciXia on the two waXXa interfere with eaai other* 
In H.j^ eemincXi the oorridora are narrowXy apaced at 
the anterior end of the rosette* The apaoa graduaXXy increases 
towards the poatarior end of the rosette* Thaae broad inter-
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lMi«ll«r •p«o«s lying «t th* posterior •nd mrm utilised 
by t!hm £om«tjLon of pcotub^ranc^s on t;h« lMi«lla«« 
S«CK>nd«ry fold* on th« prlnary Iani«ll«« are. seen in 
grayling (WAtlin? «nd HilX«ni«nn« 1964}| Baltio «•« tfoiit« 
BMim S£mA iJU££A <Hoil. 19«5i B«rt«i«r* 1912 o)i Atlantio 
•almon, saliio •^luff (Sutt«rlin and Sutt«rlin« 1911 )t ]U>tft lota 
(Daivlt«yna« 1912)i Imolmot^futlBmmhar ^t, §1^ ,^  1974)f •hark« 
(Hatthiw, i934)i dipnoi* kssii^Qij^am* ^m%<?9%nm <«»eei«««r. 
l^69h Qnqtffi^Ym^m <9««i«««r. 1963) and m%^fU %^'f%Hf^l^nm 
(aatoiani and Kh«n« 1980} which holp in miUiinii»ing th« 
distano* of tfm oorridors* Tho surfaoa of th« olCaotoary 
ii^itheliuRi iJi inor«a»«d by t,hm foctaation o£ ••oondary folds* 
i^ «r9<tMir« those folds do not hav« thm receptor epithelium 
(Sdhmalhauaen* 1962|j?feiffer« 1963| Qertmar« 1972bf Hare 
HI Jfciv 19731 and 3aahor <yt a4.^ 1974)« Svim eo^ foldings Q£ 
the lamellae Uncreaae ef fiNStive use of the apace in the 
olfactory chamlMirf ttihich in turn« eeema to result in an 
ev«H)tual increase in total olfactory capacity* llie secondary 
folds are absent in the fishes under investigation* 
In order to ut i l i se the broad interlamellar spao«i# 
Minor folds are reported in between the swollen lamellae or 
naior folds in *rqlyg |Un 4R\nffW^Vi «i^ <tf»^ yK<?»^ Vt 
a^actopterus (Saton* 19S6)* ilahmani and Khan (1981) texmed 
these Minor folds as "Minor lamella** and are reported in 
Colisa fasciatus* No s u ^ minor folds or lamellae have been 
observed in the present study* 
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iH£ Mxssaota SAC 
AQC«ssory nasal saoa (i;0£med *na«al aspirators** lay 
Mtz, 195Z} atm simpla oxtenslona of olfactory chaatwra beyond 
their xoaattaa and hav* ganarally i3m«n aasociatad with a 
pumping maohanism raaponsibia for a£€aQtlng repiaooaant 
of watar in tha olfactory cavity and thair movamanta ara 
aync^ luponiaad ttith tha raapiratory rnovastanta of tha f iadi 
or ara oontrollad by tha movamanta of tha Jawa (CHMn« 
1866t Bataaon* 1889t Solgar, 13939 Kyla« 1899i 3uma« 1909| 
Chabanaudf 19271 Van dan 3argha, 1929f l^ iarmann^  1933i 
Matthaa« 19341 ATZ« l9S3i eaton« 1954i «Tohnaon and Srow), 
19*2| Gooding^ 1963f Pipping* 1926| Taichnann* 1954f 
Klaarakopar and Van Si^al* 1960| iclaar«(opar« 19i9y Xapoor 
and Ojha, 1972«19| Zaiaka* 1974i aahmani and Xhan« 1977| 
Irving fit jki* 0 1977f Shama s^ j^., 1980a ) • tha dorao* 
maaial or athnoidal aao and v«itrci»niasial or laorymal 
aao lia in ralation to tha athmoid and laorymal bonaa* 
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Thtt pr«s«nc« of aaomaaory sacs in SORMI £i«h«s and 
th«ir aba«nc« in others calls for an «xpl«n«tion. iCyis 
(1899) suggostAd th<»t th« pr«s«no« of aoesssory sacs is 
largely dependsnt tsiton th« habit of fish. Acoording to him 
it is a charactaristio adaptation of fishas which hava 
aoquirad a ««d«ntary or S€iiii'S«idQntary ii£«« Ihus^ it t«ould 
appaar that an aocAssory sac is a virtual nocassity to a 
s«dantary fish «rhila it may not bo cio in tha cas« of actively 
swiiaraing forms* 
Kapoor and OJha <1973 A,h) atiA Ojha and Kapoor <i973b) 
also agraa with tha vimi» at Kylo (1899) hacausa truiy 
obsorvad acaassory sacs in Channa ounctatus* Cvnoaloaai^ 
olioolaois and l«abao rohita^ of which th« first prafars 
dirty and stagnant to running fresh watar, tha sacond is 
a sadantary fish which rests at the bottom of tha saa €uiid 
tha third is a oolt;mn bottonei faaaar* 
Bums (1909) contradictad icyl«*a (1899) opinion and 
hald tha viaw that '*tnara is ••••no oonnaction batwaan tha 
prasanca of accassory sacs and tha ganaral lifa habit*** 
Ha ragards thans as part of a ganaral advanca^ nant in struotura 
recurring in thosa forms of fishas whicdi show an advanca 
trand in thair davalopmant* 
Uatar Bartnar (1969) oontradictad aum«*s (1909) 
suggastions* Ha raportad that tha accassory nasal sacs 
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*r« not only found in higher actinopt«ry9i«na but ar« alao 
pr«s«nt in r«<3«nt low«r aotinoptttxyg[ian» whsro th«y may b« 
qo«pl«ttt or rudlmantary and / o r var« found at Xaaat in 9omm 
foaaii raaobara of thaaa groupa* Kaaal diverticula ac« alao 
found to iaa dascribad in anciant cKoaa<iptarygi«na which 
la a aimilar typa of apaoialixation of naaal aae aa that 
of tha aaoaaaory nasal aaoa* ttiu9« according to Qartmar 
(1969> accaaaory naaal aaca ara archaic typa of apaoialiaation 
of tha naaal aae* 
According to i^ at^ siani and Khan (1981) tha prasonca or 
absanca of *»ccost3ory aaca ia not at a l l dapandcmt on tha 
habit of tha fish* Xta prasenoa ia not c»nfin<iNI to only 
bottuata dwelling f iahaa or thoaa leading aedentary or aeni<* 
aedentary l i f e aa Kyle (1399)« Kapoor and OJha (l973a*b) 
and Ojha and Kasxdor < 1973b) ttought* The acceasory aaca 
are reported in QH^Um £MSIJ&UI« 9smm 52M2QSUIi« ,^ t^ 4im>H 
ort)if (Rahmani and Khan« 1931) # Ht^il che^o. JLlUa&C^ uinne^  1909) 
which are a l l active« faat awioraing fiahaa and are neither 
aedentary or aaR}i*>aedentary nor their l i f e ia confined to 
bottom only* 
In the preaent atudy* the acceasory aaca are observed 
An Heioat<ffla teemincki only, while the regaining three 
fiahaa are devoid of than* H.fwiincki ia a faat awiiwiing 
fiah and livea in middle layers of water* Occaalonally 
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It Qomm» to th« «ur««c« of wat«r • • w«ll. Thu», th« prwsimt 
author doo» not «gr«« with th« VIMIS of Kyi© <1899)« Kapoor 
and ojha (I973a«b) and Ojha and Kapoor <1973b) but with 
thoaa of Rahmanl and Khan (1931) and Sum« (1909) and 
conflldttrs tho acc«s«ory ««c« «• * general advancamcnt in 
tttruotur* for effective jk^ (»plao«mant of wator in tha olfactory 
chanil^ tor showing an advance trmnd in thmir d«v«lopRi@nt. Itiough 
according to Kapoor and OJha (1972b) *Kyl«fii auggaatlon (1899) 
that the presonca of accessary aacs In a fish la largaly 
da^mlniKl by Its habit and that It la a feature <marao* 
tarlatlc of a<nl-a®dmitary# slu^giah or bottoai*f«&dlng flahea 
should not be casually bruahod aaldv*** 
^ahm»nl and man (I98l> sitsgastad that th« acoiasory 
s^cs are pre9«tnt In tha fishes poasesslng pcotruslbXe mouth* 
Itie f lahea under hie Invastlgatlon wire Anabaa teatudlrifeua* 
nandua and Otollthua argaqteua^ a l l provided with a pro-
tru^lble fvouth* the 9tea«nt author dboa not agr^ na with th9 
views of nahmanl and Khan (1981) because In the present 
study H.tesoailncHl does not bear a protruslble mouth but 
possesses an «;cesaory sac* 
The aaoessory sacs though linked with the cavity of the 
olfactory organ do not have th« sensory eplthellut Oume, 
1909> s«lemann* I933i fret' yakov, I939i Saton* I95fti Bat' 
o 
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4m6 8o(3xov«« 1963} Gooding« 1963f >f«tling «na Hill«ra«nn« 
1964) • Til* r«ci^tor c«ll» ar* also «t>««fit in th« aoe«»aory 
•ac of H.taffm^l^l, aa found in thm e^tmmmnt study* 
!%9spiratory manoouvrvs oi many dif £arant typaa ara 
found aaon^ fishaa in addition to tha regular vantilatory 
mova^ nants (Hughas^ 1960« 191S). "Snapping" (Ciboding« 1963) 
procasa i s vary rapid and occura during aating* "Yaiins* 
and "gasps" (Hughaa« 1975} ar« an ajcaggarat^d axpanaion of 
tha oporcul«r and buocal oavity» Hu^ haa (I97S) further 
dascriljad anothar oiownent of diffarant typa called "cough" 
which periodically interrupts within a regular and nocmal 
v«mtildtory cycle of tuoveifiients of the jatis €»>d opercula 
that psoduce a inore rapid expansion and contraction of the 
£>uccal and opercular cavities than during a typical cycle* 
ttm mouth i s fully opened during gasping and yawning* 
especially in coughing« and so the accessory sacs are 
expanded to maximal dwing these respiratory manoeuvres* 
Solger (1893)« Kyle (1899}« Sume (1909). Saton (1956)* 
Kapoor and OJha (1972b) Rahrtani and iChan<197d)« Sharaa s& dl* 
(1980a) Sateson (1089)« Here (197S} agree with the view 
that maximal distension of the accessory sac i s possible 
only when the fish opens i t s taouth fully« for instance* 
during snapping and yawning amS the water rumhmi into the 
olfactory chaaber* During normal respiratory movements , 
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tbm contribution o£ th^ accessory «ao9 In water oiroul^ ition 
is not much and at this time th« circulation o£ water ia 
mainly dapandant upon tha beating o£ the cilia o£ the olfactory 
epitlwlium* 
The present ettxSy o€ H.teBwtincl^ i also supports this 
view* It is provea by placing the carmine particles near the 
fish and observing it under binocular* Hhen the fish is 
held in a stationary position the entry of red oacmine 
particles in the olfactory chamber does not occur during 
nocraal respiratory nsoi^ fcasnts indicat^ ing that accessory sacs 
are alsoat non'^fimctional at this ticae* 3ut when the fish 
opens its ti«>^tth the red carmine particles enter into the 
olfactory chatnber throi^h the anterior opening slowly, and ' 
its fast stream is ejected out through the posterior opwning 
on closing the mouth* proving that the accessory sacs 
increase the efficiency of water circulation in the olfactory 
chaeber* Xt is also suggiested by <^ l«9cander (1966« 1967) lund 
Liee (1967) that longer tt^m is taken by the fish in opening 
the tdouth than in closing it, so that the water is sucked 
In the accessory sacs slowly ht^ is expelled out abruptly 
upon the sudden closure of the mouth* The present author 
agrees with the views of Alexander (1966, 1967) and Li«m 
(1967) because siiiilar findings are observed in H.^ egKaino)ci. 
Saton (1956) sugjitsted that accessory sacs do not 
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4ippr«oiably mX6 In dtr«i#ifigi « current of w«t«r «civ»«8 th« 
olCaotory oha:ab«r thjcough th« anterior nM«l op«ning» i>ut 
on th« othwr hand, •»»« raault of thin dilation and com-
prasaion brought about by raatriotad ifiovaaianta of jaw bonaa 
for opaning and oloaing tha mouth during raapiration* thay 
aiao causa a constant stirring of watar in tha poatarior 
part of tha olfactory chaaibar ft^ich prevents accumulation 
o£ debria there and, at the s«ne tittie, naintaina a gentle 
Clow uf water over tne olfactory lamellae* Kapoor and Ojha 
(1972b} and v$ivin<3 ^ g^,* {197?) agree with the views o€ 
Eaton (19S6). 
TUhe present author leapt a small quantity of mud 
particles noar the anterior nasal op«?ning in H.tetmtnoki. 
held stationary and observed i t under binocular* the current 
of water i« weak during normal respiratory cycle, so any 
particle of dust %fhich reach^ss the accessory sac or posterior 
part of the olfactory chamber remains ther« for a long 
time. The abri^t and forceful ejection of water froa the 
posterior opening of the olfactory ch^ober on closing the 
mouth on yawning, gasping or coughing, i s of great impor» 
tance and significance bacause any debris or dust particle 
acciynulated in i t i s thrown out* After such an expulsion of 
water, the olfactory arqm% was fowfid to be free even f«o« the 
•ingle oarticiee of mud, on dissection, this indicates that 
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tiM «oc«saory •«c« aid In rwaovlng mud particlM itom th« 
oiC«otory organ* Thi« oonoluslon i s In agr««ni«nt with th« 
oto««yv«tlon» mada toy Saton (1956) and Kapoor and OJha (1912b) 
and Irving f£ jj^* (19t7). Thla ia of graat iiiportanea 4n 
aadantary* bottom dialling fishaa who liva in turbid watara 
whara thara ia a vary high ooncantratlon of d^ria and 
auapanded particlaa* Tharafora* tha aceaaaory aaoa ara 
foun^ to ba wall davalop«dL in aadantary« aami-aadantary 
and bottom dwalling fiahaa» though thay ara praaant in othar 
fiahaa aa waii* 
During faaaing and aquatic vantllatlon« mush aimilarity 
in tha ohconologioai raiationahip* fraquanoy and natura of 
ttiovaroenta ia obaarvad* Liam (1967) raportad only aignificant 
dif faranoaa in a.'Bplitudaa o£ tha ^notions and ha addad that 
tha movamanta during faading hava a tiraatar aiaplituda* 
According to Dutta (1968) tha gulping and faading ara 
ajsat^aratad fonaa of raapiration* During tha prooaaa of 
faading laaximwi axpanaion of tha Jawa« and of tha aocaaaory 
aaoa takaa placa* But i t ia unlikaly that tha fiah waita 
for tha faading pzocaaa to atart with to inflata ita 
aooaaaory naaal aaca fully nor i t halpa tha fiah olfaotoriiy 
whrni i t haa oomaianead faading* Incraaaa in olfactory 
aanaitivity* through ineraaaa in circulation of watar« 
could only ba halpful for tha fitth i f i t judgaa tha adibil ity 
158 
o€ th« niat«rial bmiorm £«<KSing* Am soon as ttis fish starts 
fs«(Sing« th« tasts l>u(Ss arxS chsnossnsory os l l s in ths 
iips« mouth and btasoal cavity ooa« into play* Thu8« i t i s 
obssrysd that enh^ acNsment in ths s«msitivity« thxough 
inorsass in ths watsr flow by inflation of ths aoesssory nasal 
sacs during fssding# i s not vary iwsful for ths fish* Hoi#* 
«vor« yawiing and gasping« ithieh ars slow copy of ths 
fttsding procsss^ ars possibly v@ry holpful for ths fish 
to dstsot olfactory stimuli* H»t«amAncki^  ths fish of tTMi 
prssoffit study* in an sxs^rirasnt was found to opsn i t s mouth 
widsly at frsqumnt intsrvals during which ths accssaory 
nasal sacs ars also inflatsd* It i s a known fact that dstsction 
of olfactory stimuli i s grsatly dspsndsnt on ths quantity 
of watsr s>jrapled« and ons of ths advantagss of th» accssaK>ry 
sacs i s that i t givss ths olfactory organ a larger quantity 
of watsr for sa^ipling* 
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;MS«(}u«t« ventilation o£ th« oifadtory organ i» « 
px«r«qui9it« £or olfaotory function In fish<Mi« aat«aon 
(1889)« Solg«r (1893)« Kyi* (1S99)« Bum* (1909)« Pipping 
(1926«1927)« Van d«n 9argh«(1929)« U«mann(1933)« Baton 
(19S6)« T«ichmann (1959«1962)» Johnrson and Bfowa (1962)^ 
Branson <i963)and Gooding (1963) showad that i t ia 
plishad through on« or (sora raacihaniaaM dascribed as follows s 
( i ) lay tha action of a i l i a within thaantarior noatril and 
Mpon tha lining taanbran^ of tha olfactory chambar* Thia 
i s tha only naUtod of circulation of watar in tha olfactory 
chambar in tha aala which hunt thair food by small- In 
othar oasmi* i t i s probably ona of tha agants« though 
not tha most ifliportant« in «nauring a constant gantla 
flow of watar oirar tha roaattat ( i i ) by tha daflaction of 
watar into tha noaa cavity during fomtfard prograssion* 
Tha forca of tha currant ia undar contxol of tha fish in 
this caaa and vtim9 diractly with tha pace at which i t 
ia fl»ving* In nosas of such a typa a furthar rafinaraant ia 
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fr«qii«ntly n«t within th* fo«m of an int«m«l Clap that 
oondueta th» watar ourrant right down into tha c«ntx« 
of tha xoaattai (iii) tiy tha aitamata dilation and 
cocaprasaion of aooaaaory aaoa oonnaotad uaually with 
tha hindar part of tha olfaotory <^aiabar« 
According to Klaaraliopar (1969) and Hara <197$) 
it naif tm dlatinguiahad aa i (i) tha forward progrmmian 
of tha f iah raaulta tha paaaiva antry of watar into and 
mgrmaa from tha olfactory chamhar«(2> active intaka and 
«M^ulaion of watar aithar by (a> ciliary activity or 
(b) pucaping action of tha aocaaaory aao* 
According to giving and Thoffioasan (1977) and vif$ving 
o% §\* (1977) tha fiahas ara dividad« on tha baaia of tha 
machania» «Aployad for watar aaiapling by tha olfactory 
organ*« into two groMps iaoamafa and eyoloamataa. In tha 
formar group tha watar currant is cvaatad by ciliary action 
to tranaport watar tJfirough tha olfactory organ, «^il« in 
lattar group tha accaasory olfactory aaoa can ba conpraaaad 
and axpandad in oonnaotion with raapiratory am! / or Mouth 
laovamantai thaaa voluma variation* fore* watar to pa** 
ov*r th* olfactory apithalitn* t)Aving sj^ jy^ * (1977) 
raportad *fiaha* uaa ona of two diffarant taathod* 
for *aMipling watar, aithar tha action of ciliatad call* 
or a puaping action of aocaaaory aaca? 
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exo«s>t • £«M fUhM ( • •g . tota ;Lo^ f, 0«nn« «nd 
DDVingi# 19691 ana K<f uwonuf D»1—i«. c3c»odifKi, 19«3> 
o i l i« In th« supporting c«lX« of th« olfactory •pith«liiM 
h*v« bMR r«port«d In mlmomt ovsry fl»h <«»g« i^ aoso rohi^f. 
ojha and iCapoor, 1973bf Sf^ wp ica&y|, B«rt«ar, 1972 ai 
Osg|d9t« Oavltsyna, 1972f M a S ^ t—tudlnaua and Oollaa 
faaolat^* Rahmanl and Khan« 1981)* Xn tha praaant invaatlr* 
gation nm^m fiys@ft« ^y^m .K^ I^^ iftMi an^ Corvdar^ a«iaiia 
fa l l undar laoarey^a groMp* tha SMpportIng ca l l s of tim 
olfactory a|>ithaliuai of a l l thaaa thraa f istias are pxovidad 
with oil ia* Thm fina rad camina partiolas war« oarafully 
Ijntcodusad in ttia olfaotory ohambar of an aliva Si'S^iiSBSit 
tl-^vlttatus and C.aenaiia hald undar %ratar and obaarvad 
through a ataraoaooplo binocular taioroacopa* An aMtramaly 
thin straaftt of red^colourad watar i s found to ba coailng out 
from tha postarlor opaning in a l l tha thraa fiahas undar 
invaatigatlon indicating that tha activity of c i l i a praoont 
on ths tubular antarior opaning and on tha aanaoxy apithslium 
i s abl<» to craata a slov currant of tiatar across tha olfactory 
ohanbar* 
Uitar RahMsni (1979) pxoposad anothar third groqp of 
fiahaa •pMtt froit isoamats and cvoloaaiaf» As statad aarliar, 
Qtfving sSt, Ml* (1977) hava amphaaiaad that f iahaa which usa 
tha ci l iary action (isosttata) for watar circulation in tha 
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olfactory ohamb«r do not mm pumping action of th« aocasaory 
•«o (oyclo«iQat«)and vio« v«r«** ilahmani (1979) found in hi« 
two fishes Mabsft Sftydigfyf and OffUfl iMSSHo^M* tho 
pxmmmnam of long c i l i a in th« aipporting calls* Both th«Mi 
f ishas ara also providad with wall davalopad accaaaory aaoa 
% i^ch holp in tha circulation o£ water whan tha jaws fully 
opanad and olosad* Rahmani (1979) raportad that thaaa two 
f ishas usa ci l iary as wall as poaping activity of tha 
aocaasory aaca for tha trans£x>rtation of watar acroaa tha 
olfactory ch«atMir« Thua# ha put forward another groMp 
ataphiwaata whicii includes thoaa fiahas which use laoth ci l iary 
and pumping action to circulate water* According to auma 
(1909) tha preaenoi of accessory *mi ia a atructural 
advanc«Raent in order to incraaaa the efficiency of water 
circulation* Therefore^ the presence of accessory nmc does 
not laaan at a l l that ci l iary circulation of water ia entirely 
Atmwit* 
The pres«nt author reported the presence of c i l i a 
in the aupporting cel la of Melostonia teiawlnoki* Incidentally* 
Uiia fiah posaeases accaaaory olfactory aao and the circu-
lation of water acroaa the olfactory chaoiber i s brought 
atout by their compreasion and a:<pan8ion when the Jawa get 
fully opened and cloaed* However* during normal reapiratory 
activity, inflation and deflation of the accaaaory aaoa 
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im v«ry IMI«IC and i« in}«l>l« to pfoduott v«qiiiK«d siiotionAX 
£oifo«. rntma tbm md oaxmln* p^stial— mm pl«o#a n««r tim 
mtmtiox pof in a l lv* £i*h, i«i# partiol«« ar« found to 
b* 9iaaH«a in« Sven i f tlM lioutli i s t i ^ t i y shut* thus 
blocsHing tfut oiintitMtt inflation of thm aaommaorf saos* 
f«if partioit» ar« utiiX Bmimd in*id« th« olf«etory ch«il»er. 
This inaioat«s that « wsak ourrsnt of wmft i s gsnsratsd 
hf ths beating of e i i i a whioh i s indtopsndsnt of ths ourrsnt 
crcat#d by th» acosssory aaos* ^riihrni the f i i^ fully opsnsd 
and diossd i t s javni« a thin stroei^ of rsd colour water OG^ RSS 
out thxou^ tha poatarior opening, dua to tha oompraasion 
and dilation of aooasaory saoa. this psov^m that tha cirou-
lation of watar throu^ tha olfactory ohambar in thia fiah 
i s depandant upon thm c i l iary activity as wall aa tha 
pmiping activity of tha acoaasory saca* Thus« tha praaant 
author has kapt H..teBwincl6i in MJ^iMsmm* tha group 
propoaad by Rahtaani ^l9^9}• Though* aooordina to t^im 
Xk Ml* il^lf^ thi« fi»H balongs to ^^iB^S^ma&SL 9«»«p of 
fishas baoauaa thay baliava that tha fiah uaaa ona of tha 
tao diffarant mathoda for tha circulation of watar in tha 
olfactory chanibar« aithar by cil iary action or by punning 
action of aecaaaory aaoa. 
Racantly* by aoannin^ alactron tiiicro8oopy« y^^mmmta 
and "Qttdm hava ahown tha pcaaanca of 6mn»m c i l i a in 
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(197aQ), CHsnnitoaimm (I978d)« SUurifonMs (1978 • )« 
o»aitom—0 iophiXfoxmm» and Oobi«»ocieozimis (1978 £ ) . 
Aeo9Cdi»g to tli«t "nuMieoiMi eJ;li« may iwt r«ittirttd to «iak« 
• f f i c i « n t otfrr«iit o£ if«t«r through th« narxotf •p«e«« 
b«ttr««n compactly arranged olfactory laaalJla«. * Mmng th« 
orAara l ia taa abcyi^ a* aingla or doilola accaaaory aaca ar* 
peaaant in f aw apaoiaa of 8aliaoni£or«iaa < 8 a l ^ aalar. 
Siacna* 19<»# Sff ,^ iEMSUtt* Talchiaami, 1954i Qnoottivnohua. 
$»fal«£«r, 1963), Cyprinlforaaa (ijtSaa i2^4&* # Oi»»« afid 
Kapoor:, 1973 b ) , Channiformaa (Chant>a ounotatt^, K4^oor 
ana Ojha* 1973 a) and a4l«2ri£omaa Ol^uru^ a i iE ia * EJ^vlng 
£% jJL*' 1977)* Thia provaa that in thaaa apaciiM« both 
oiliairy and pumpiiH} actiona o£ watar tranaport ara praaant* 
Oarivot and Ck>dat (1979) propoaad to nodiCy tha 
noaanolatura o£ i::^ving 23^  j|^«(l977) and to r«pl4ca i t by t 
iaotnates/^ fiahaa that uaa c i l i a r y action to tranaport 
watar through tha olfactory organi hataTOovoloawiataa. 
a natf danominstion ior tha f iahaa and tha aar ia l <^ioanat«a 
whic^ hava ah olfactory eycla dapandant or linkad with tha 
raapiratory cycl«i autocvcloaaataa. a naw danominatlon for 
tha vartabrataa« lungfiah aa mxmupXm, wihara tha olfactory 
cyoia ia autonomoua* 
i4o»t of tha workara agraad that tha aiqpulaion of 
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w«tttr from thm olfactory eh«ab«r mhi»y t«H«8 placm thxough 
thtt posterior «nd not tnxougli th« antsrior opening. Eaton 
(19S6)« Johnson and Szown (19«2} «nd Kspoor «nd ojha (1973«} 
otMi«t¥«d th«t «ntry of «#atttr ta)c«« pines thiough both th* 
openings, but i t s sxpulsion may bm sithsr thcough th« 
postwrior opening (Johnson and Beown« 1962) or thrau^ both 
ths opsnings (Kapoor and ojha« 1973 a>« £|tfving s$t Sk* (1977) 
rsportsd that ths o i l ia of ths olf aotory ^ i t h s U i n bsat 
frcm antsrior to posterior sids resulting in the unidireo-
tional flow of water* nahfliani<l979> observed in Anabas 
^SSa^SStiBSm* ^UBM iSmiJU&M and nsmm mS^m* the water 
entering into the olfactory chamber through the anterior 
opening and leaving i t via posterior op«ming« 
Itie present author thinks that th<» water always 
Elotiis frcMs anterior to posterior direction in tho olfactory 
ohanyMir irrespective of architectural differences of the 
two nasal op«)ings* in the four fishes under investigation« 
the existence of unidirectional flow of water i s observed 
and i i can be explained as follow* 
/ . The c i l i a of the olfactory epitheliuM of >f»vittatus 
B*stidmsA C*aeneus and ii'l»B|lS^jA ^^ ^^  <»>« anterior to 
posterior side and so the entrance of water into the 
olfactory chamber occurs vie enterior opening and exit 
v i s the posterior opening* Zn such a condition of currant 
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of tfat«r conatantly flowing in an antcxo-post^rior dir«ction« 
any •ntry of w«t«r through th« poat«rior opening wiii b* a 
hindrance for the (aovenant of o i i ia and will alao diatutb 
tha direotion of watar flo*f. Thua unidiraotional flow of 
watar Crom anterior to poaterior direction i s required for 
effioient working of oilia* 
When a fixatimi ia injected in l ive H«vittat^ua. 
itatioTOf. £• aeneuft and a.temtainoki , the ci l iary iaovement 
inside the olfactory organ ie stop$»ed. Now« by art i f ic ia l ly 
opening the laouth of the fish« large number of carmine 
particles are sudced in from both the nasal openings« 
indicating that the unidirectional flow of water i s stopped* 
On the other hand, large nunbar of particles ore found to be 
entering from the anterior opening only in an unfixed olfactory 
organ* Those experieawnts support the existence of unidireo* 
tlonal flow of water through the olfactory chamber* 
thm openings o£ the accessory sacs are always pcea«it 
near the posterior opening of the olfactory chanber (SS^ilfA 
fascist us.gphippus ffffblf, Rahmani, 1979| i^jbyj |sM&ft« ojha 
and Kapoor# 1973 b)* Similar i s the case in the fish under 
study* H.terw»incki« Oenerally* the posterior aperture i s 
larger in s i se than the anterior* thus i t can permit caore 
water to enter through it* But this water wil l be of no use 
for olfaction because %• soon as the water i s entered through 
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this por«, XmrnAimtMlf it will fill th» inilmfd aooMaory 
BMam du« to th« openings of th« ACCMsory sacs •itu«t«d nsar 
ths posterior opsning* mimn ths Jsws «r« clossd* this quantity 
of vstsr will bs sjsctsd out dirsotly ftoai ths posterior 
pors without giving a bath to ths lamsllas* In ths light of 
ths fact that ths acosssory sacs ars dsvslopsd to incrsass 
ths sffiaisnay of ^atsc oicculatlon in ths olfactory chaatMir* 
it is irapraotical to bsliovs that s lar^ quantity of watsr 
is ihhalttd and sxhalsd hy ths fish without utilising it 
for olfaction* On ths othsc hand* ths watsr which sntsrs 
through ths antsrior pors always psrfsctly bdiths ths lamsilas 
bsfors its sxit fi^ am ths postsrior pors* This visw also 
auggosts ths isnidirsctional flow of watsr in ths olfactory 
chambsr* 
Bssids aocssaory nasal sacs and ths ciliatsd olfactory 
mucosa* it is obsscvsd that nasal flaps, valvular postsrior 
opsnings and antsrior nasal tubs fom parts of a gsnsral 
(nsehanism to raiss tJui sffioisnoy of ths olfactory organ 
by snsuring a libsral flow of watsr ovsr ths ssnsory 
spithsliua* Mhsn ths antsrior and postsrior opsnings ars 
situatsd closs to ons anothsr, a nasal flap gsnsrally 
projscts as a hood liks structurs bstwssn ths two opsnings 
(Sums* 19091 Dsrschsid* 1924i Liszmann* 1933i Tsiohmann, 
19541 Johnson and Brown* 1962| oooding* 1963i Branson* 1963i 
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9tmitimr, 1963) • hm%mr ojha and Kapoor (197ia i 1973 «,19| 
1974) obs«rv«d . imiUr struotur* In OMSM SBS^OA * Qlvotothorax 
i i l S y ^ ^ ' hB^fm. }SPlM%M A»3 ^Qi«9r gat>dophorua. Singh (1972) 
^ a^agjua baaariua and Botio ^i£|a^ and Rahmanl and Xhan 
(1981) in Caranx o^lonaua. Tha praaant author raportad tha 
nasal flap In iMtwaan tha two opanlnga in Btft^oaa pxD|aoting 
a« a hood lilca atruotura* Tha nasal flap i s usually diractad 
outward and for«#ard« 
in soma fishas, for axampla, ?^ w§«ft< WX^ m^ <rf* I^ftQQA 
punyt^t i^^  (Kapoor and Ojha, 1972 a« 1973 a) • tiSSM ^i»9a • 
,d,»9,^4li fnq^i^t;^ (Buma. 1909}« n¥¥^m Bm^M* Miikism 
QXJSliSL* Anaba<f tastudinaus (Aahmani and Khan* 1981)« i«hiedi 
do not hava hood lilca struotura^ an antarlor nasal tiiba i s 
prsssnt* Tha prasancs of anterior nasal ti^ t>a i s raport«di 
by tha prasant author in H«vittatus^ Caanaus and 
M»ta<qminOki projecting outvard and forward* 
The «midireational flow of water own also be 
eiqtlained when swimaing i s taHen into consideration* vihen 
the fish swims in a forward direction^ a currant of water 
ia obviously created from anterior to poaterior direction* 
The anterior nasal tube ia always stiff« short« tfibendable 
and ia directe'l anteriorly*Tm..anterior naaal tube or nasal 
flap directs outward and forward and helps to deflect 
water in the anterior nasal opening* Mhen the carmine 
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particl«« mrm intcoduo«d in trm olfactory ohamb«r of d«ad 
•p*ol{Mns of a»tr^ttt^i||, B.»t4gaf, £*fyifVf «nd H. t iwinoki 
and th«n ««ch of thm fish i« ta«ehanic«lly movsd forward* 
a thin straam of r«d colour wat«r passaa out throt^ r^ ii th« 
postsrlor opaning* Thasa asoMrlmanta imply that a currant 
of vat«r autcMsatically fIowa through tha olfactory cdiambar 
during tha forward prograsaion of tha fiah* It ia obvious 
in aach caaa that tha flow of watar ia unidirectional^an* 
taring through tha antarior and e^fpalling out via tha 
poatarlor opaning aftar bathing tha olfactory roa«tt«* 
Thtt poatarior opaning may tsa of two typaa aithsr 
valvular or a 9in3q;;>la opaning without a valvular davioa* 
Tha hinga«»typa valve ia not praaant in ttw antarior opaning* 
Tha prsaatKsa of valva in thA poatsrlor and not in tha 
antarior opaning ia s l^£-aM$>lanatory* The antry of watar 
through tha poatarior opening ia raatrictad by thia valva 
bacauaa whan tha accaaaory aacs ars inflatad a auctional fores 
ia craatsd and tha valva covara and thus cloaaa tha 
poatsrior pors* 
The valvad poatarior optminga hava baan raportsd in 
Cvnocloaaus 9U99^*P4f (K«Poar and OJha, 1973 b), Hiiiiaa 
•ttu (Oiha and Xapoor* 1972)« ismAl^* AfiJ l^SSft* ISmll 
(Buma« 1909)« cod and navaga (Oavitayna« 1972), Katau>»onus 
pflawis (Oooding* 1963), Plaumnaetua (Liarmann« 1933) sto* 
170 
Thtt valv« 1«»« postArior opening* «r« observed in ophioceg^aluy 
E22S <»«rn«, 1909), S&aaoA awngftM* (K«poor and ojha, I973e), 
i^hm> ro^Xt^ (Ojha and Kapoor, 1973b} • Nona of tha fiahaa 
undar investigation have valve in their posterior openings* 
In case of B.atiofnf , C.jeneus and M«tewwinqki. it is flushed 
with the surface of aXin. In il.vittatwt it is in the form of 
sli<3htly raised margins* The fiehes Which do not have valve, 
possess oomparatively small posterior opening, for exivnple, 
9>mm BM"9t*t|»t (K«POor and Ojha, 1973 a), Clariaf ^aeer^ 
O u m e , 1909), Ancuilia anjuill^ (Teichmann, 1954), Wandus 
nandus (Rahmani and Khan, 1981) • GSontrary to this, the 
present author has found the posterior opening larger in 
sise than the anterior in M*vittatus^ SL*S£MBSL» c»aeneus and 
HttawrainoHf* S«arger posterior openings are also reported in 
aaqariue baaarius (Singh, 1972), Hyb^pflf aestivalis (BraQson, 
196^)0 Haroodon nehereus (Pandey and Sarala, 1980), otolithue 
araenteus (Rahmani and Khan, 1981)* 
All the above aspects lend support to the idea of 
unidirectional f lov of water in the olfactory chamber* In 
some fishwi which lacH valve in the posterior op«ii^, it 
is not clear as to tfhat mechanism prevents the entry of 
water through this pore when the accessory sacs are inflated* 
It must be probably, due to the gentle and continuous flow 
of water from anterior to posterior direction, which restricts 
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th« •ntry of w«t«r IZOM tlw posterior portt* ^ • n tim w«t«r 
1* co»tlnuotjsiy ooailng out ixom tb« posterior por*# i t 
i« difficult for additional quantity of w«t*r to ba tak«n 
in fxom th* saaa por* beeaus« the px«8siir« of if«t«r i« 
fcoM insid« towards outside* %fh«n th« aocoaoory aACS ara 
f uliy infiat«d« tsim «at«r an^rina th« antarior opaning 
haa graatar prassura than tha vatar whioh ia ocming out 
€c«3fA tf¥§ poatarior opaningr* Such a aitt^tion oraataa 
diffl^oity and i t ia o)»9arvad aapooially in thoaa fiahaa 
which i«aH posterior nasal flap* In sush a oonditii^n tha 
amall qiiisntity of urator Also antara thsough tlia posiMtarlx^ r 
op<iningt<» gats toi^ ad with tho i#«»t®r of tha olfactory ^ambar* 
and raaulta in tha atirrlng of wafear in th© posterior part 
of tha olfactory chamhar« Xn waive leas fiahas tha atixfs i^ng 
of watar <toSKS not occur during noemul respiratory flK>vsra«it 
baca^a a oantinuoua outflow of water thcouQh tha poatarioii 
o^anina pravanta tha entry of water into Uia asme pore. Thji 
SMie ia possible in the fishes with valve or flap« even if \ 
the valve doea not oomplately oloae the posterior opwiing^ 
during nocsial reapiratien- imen the jawa of the fiats •f 
Cully opened* a aeall quantity of water entara through the 
posterior opaning in the valve less fishes« intevmixiiig with 
the water of the olfactory ehaisber and thus stirring of water 
takea placa in tha poaterior part of the olfactory ehssibar* 
Xn caae of the f iahaa posseaaing valved poaterior opening» 
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tlMi iralv* shut* thm poste«rior apvrtuxtt oo!»pl9t«l,y tihcn th* 
jaws atm op*n«d« duw to th« gr««t •notion foro« or«at*d 
in th« olfactory oavity by th« full diatanaion of tha 
acoaaaory aaoa (Liaraann^ 1933). Thus in tha valvad fiahaa 
tha atirring of watar in tha hindar part of tha olfactory 
chambar la aolaly dapandant upon t ^ pu«ping action of 
tha aeoaasory aaoa* According to Kapoor and ojha (i972b)# 
**thia (atirrin^) irtiould torn aa trua of f iahcw having a 
valvular poatarior opaning aa for thoaa without i t fort 
in thm forsiar oaaa« raapiratory tuovaaiant nould not ha abla 
to craata anough auction forca to ch>a9 tha poatarior 
Qpaning fully and to oomplataly pr«n>^ ant any antry of watar 
thresh i t aa stated by t«iarmann (1933) ainca respiration 
would cai£»a only partial diatanaion of tha accaaaory aaoa*** 
It ia ob8arva<3 that tha fiah opmnm ita mouth fully and widaly 
only at Intarvala (Oooding^ 1963) whila for r«ipiratory 
purposa tha raatrictad movanenta of tha Jaw bonaa to opan 
and elcaa tha mouth ara a fairly ragular prooaaa* 
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iSCOLOOICAl* COIfFXCJ^KWy 
thm £lsh brain shows oonsixteri^ls vwlst ions in 
•i«« in different spsoiss* but i s c«Xativ«iy small in rslation 
t0 body s i s* in ths adult fish* 
Ths prsssnt author stutSisd th« topogra^y o£ ths 
brain to find out ths rslativs s i s s ofi ths pcossncsphalon 
and ffisssnosphalon* iMsoordinKl to K}i«nna (1974)« ths prossn-
cspnalon consists of tslsnosphalon and disncss^alon* Ths 
tslsn«»phalon i s tbs antsrior most part of tht brain and i s 
ofiainly oonosmsd %#ith ths rscsption and conduction of sm^ll. 
imils disncMqpthalon i s hardly vis ibls f rcMB ths dorsal aids 
and i s not so will dsvslopsci in bony fishss and has a doubtful 
iunction>^lis nisssnosi^alon consists of a dorsally placsd 
optic tsctuft and ths vsntral tsgmsntixt* Ths tsctua i s sssn 
in ths form of tso wsll dsvslopsd optic lobss* Ths optic 
tsctus in fishss i s associatsd with ths rscsptlon va s l s -
boration of ths visual ssnsation, that i s sight, KhannaC1914)• 
According to Parksr and Haswsll <19S1) mad Laglsr £3^  §1* 
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(1962) th« pros«nc«|>h«lon or olfactory IOIM i s r«lat«ci to 
ol.£«ctJU>n« aiMi«inoi^ )iui}on or optio lob# to vision* atid th« 
rhoiib«no«phaloii to tft«t«« iKiuilibriin and iat«r«l lin« •yst«ni* 
The r«l«tiv« a«v«iopm«nt of tho oif «otory i>ull>, 
olCaotoaey lobo and optio lob« r«fl«ot« to son* «xt«tit tho 
d«9r«« o£ dsveiopmont of olfactory and optio faoulti«»« 
Thm, tns maoroataatio (noa#*fi«h) fiahaa should posssss largs 
olfactory lobs and olfactory bulb, but baar a Issssr dsvelopsd 
optio lobs* Contrary to this (nicrossaatio (<iytt-*fish) fishss 
bear a iiell developed optio lobe and oomparatively poorly 
developed olfactory lobe and olfactory bulb* In stj|>p6rt of 
this view two exarsqples can be cited here* *?h« taste i ^ s are 
found to be well developed in Caroiodes vel|,^fy Chiller and 
Svans, 1965) • Due to their great developiaent, tim vagal 14bes 
are large in fiish. the other exaaiple i s of Oadidae, Cyprinji^ae 
ai«3 Catostomidae where external taste buds are reported to\ 
be nueecous by Evans (1935# l9Sa)* Their excellent <tovelopm^t 
leads to the enlargement of facial lobes* Thus, the relative 
s i se of the olfactory bulb# prosenoMialon and laasenoephalon 
of a fish has a dirsot influence on the degree of development 
of olfactory and visual reception* 9oi»e of the microematio 
fishee have such a small olfactory bulb that the wozlcers 
get confused and suggested i t s absence altogether. Mookerjee 
9& Ai-(^953) reported that SnaJSM %n\^lim}m •^ SSiJLil 
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U»Qi»tm ar* devoid of olf«otory bulb* But lat«r R«hmani 
(1979) contradicts his finding* «nd obtt«rv«d poorly d«vttIop«d 
olfactory bulba in both M^jif 1ffff%yd «^W a»* Oo^ a^a faaoiatu^. 
In tha praaent invaatigatlon« Mvatuq v i t t a t ^ , baii^ 
a maccosroat* haa wall«d«valoptt3 olfactory bulb and lob« and 
oomparativaly laaaar davalopad optic loba* whila Haloatoma 
taayalnoki which isa microsmat baara largar optie Xoba and 
Msallar olfactory loba and bulb* 
Hara (1975) raoogniaad thr^o types of positions of 
olfactory bulb in diffsrant spttciast(i) tha bulbs ara locatod 
cloas to nos«« tha olfactory narvas ara vary short and a 
long olfactory tract i s present(padunculatad)* litis t^ Mi 
i s found in alaamobranchai in Caraaaiua^ictalurua and other 
cyprinida, cobitids« silurids atc«t ( i i ) the bullM are close 
to the hemisphen^of fore brains so that long olfactory 
nerves are present (sessile)* Cxaraplea are Anauil|.^ *Ssq^^^ 
Salmo and the majority of teleoatai ( i i i ) the poaition of 
bulb ia intermediate between nose and fore brain* Thia has 
been foind in Raniceos yyttBMi (qifving, 1967). Qyyp^^yi?! 
IcidaKo and Corvphaana htepurua (tichihaahi, 1953)* Such a 
condition i s not observed in any of the fiahaa under investi« 
gation* 
The present author finda the olfactory bulb of 
pedunculated type in H.vittftyf and aayfrsff, SJU2Sft« ^ i ^ « 
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1^ 10 diotribiitloii o€ c^ aQopetoir oolls or t»r&i^ry nQyK>iiQ# 
<rii>i3»> i« fK»t oanClncta t o any aoiMf 5y(t i t o IreoQuXarly in 
t£m isasdl aomi (Fi9a«3O«Slf9t«S0)* UMiy ar* 9t««on% lioiii 
pieojOinaJL to tlS0 miiMitt foglon o£ tl»9 IssMlln* Th& tmiog^ov 
oolXa c ^ tm ifimtti^lmi i9y tlieir counci#l« dax^ otainiUig 
oti3i0i* 'Hits «D4R donarltiis of ti)@ rcTOcritor cell® travensa 
tawac^ t!w a i a t a l suirf ac« o€ tim olfactory opitho^iita «»id eii^ 
o€ varyifi'j Iwyf^a aspondin^ on tfm ^ ^ ) 9 4t i^tic^ the nuolei 
o£ tlie rocs^ator joiJ.® aro oituatea* tt^ © olCoctory im&icla faxma* 
t lon io not oixmrv@d* Xxmt&aQ^ th© dot%Jlritc^ tls®;9S« i^v«^ i3i£t9ndi 
i%jto c^^ £i?o© o:?ltlJ®l.i©l our^a®i« i^lio d l s tu l ©nj3 a£ th« 
aondrito oigjcioirt® ^maory hsile^ o r olSactasy c i l i a (Fig* Si)* 
%© a:»n ori^^inatas fsoci tlio oistal. @nd o£ t l ^ priiaary n#u(otMi* 
Jut# l3@Qau£Ki o£ tli@ tiigH ov^r atainiiri tondaioy a£ 'amml omllBg 
the lUQsn® ar® m$t oloariy viaiiM^* ^^ ?^QII ti-^n a £49» s»n0 cutfi 
iso ii^tiood(Fi9«*SO#90K'^e cytoplaim of th« mmn i c mors «K>3ino«> 
phii io ds ooopdSwS to that o£ th^ aontlritd* /y«»nii of a l l th« 
primary tmmowm «JctsHia qpito th« ba«@m r^tt inMeiik>r«a»a an<i i?a»s 
oilt of i t int» th« oontrai uor® o£ tho iaswiia nhare th«y 
«<l<3ff«i9attt to l^m the foiltm ol£«otoriim Cyo»OL»)(Pi<3«» 90« 
S1«$«»SSI« tho di«tal roijion o£ «h« la»oii« ia &ovo$A of 
roooptor o«U«« Thoy ara aooimiO. .t«^ ^ in tho protuMranoaa 
9«ttifi9 in tar aparaad mom ^ha OMpfiorting and daaai oalXa* 
nn 
'Stm t>as«l cmllM as* cUboldat in •hii^** 7h«y «f« 
«cei«ciulat«a ifi tlM ImMT rt^ion oi fhm oltmctorf apittMiliim, 
jiMt abov* tlM iMUMment m«aibrwMi ioxmirig a cxindaiiMkl basal 
9»ii« (Fi«j«« 49#S2«S9#S4#S5)» «flMir« ifitA«»lM*<S primary rmmomm 
mm also aaan* Th«y sxm iiiiiSl€f«ir«ntiat«a o«il.ia and may pm*^ 
ba*3lf give ria« to aupportin^j and aonaory calio* Tha trafia* 
itionary atago o€ thaaa oaiia cm be obaarvaa Ct'ig* Si)* '^tm 
hm&l omXlm ara of <lif fasont aissaa tiaivifig atailiiy atainadl 
xoutidt niioioi« fiuoioouiua amfi <:^co3atifi m«it«rial* 'Vtm diat^i* 
cKztion batifa«fi itha nuci^ of l>asal an^ l rooapfsor cails is neit 
fiaii fttaekaa di;^ to tli®ir ovor atoning Uiv^ n^Mey* 
ttm gaiiX&t csaila(OC«} &tm pr^mmnt along tha f««a 
aurCaoa of tlia oifaotory apithaliiM ( f ia * S3«S5#S8)* Tnmf 
ara aiao ot>aanra^ in thm aMppartin^ aona at variabia iavaia 
(ifia«S0«54«S$«S8)« Thaaa ^oblat oaiia praaant in tha aMpp«!>rting 
aoaa ava tranaioinad l»y tlia tranaitionary auppastin^ oaiia(Fig.53) 
ifliioh unaarga a eyolio a»vaaa»t» piooaading towavAa «ha icaa 
auriaoa of tita oifaetory •pithalium* itian at tbia diatai 
atifftaaa of tlia iaoMiiia thay tfiaohac^ titair mvmm oonVant and 
baecNaaemptied, tha <|i>biat aaila ava aiao raraiy ^baarvad 
\. 
] lO 
in tlMi baaai soiw (Fig* SS) £xom vtittira ttiory migratMi towaid* 
Ttitt 99bi«t oAlis . POS&MI9 found or an ovoid thooa i^ith 
highly oos^nMised nuoious pushoa toward* tha baiNi* Itto gobist 
c«I lo « m <S«void of tmck. mA op«fi tiy cm «ifMirtiir« « t th« f«9ft 
aif t tai mxxeimam of t h * oifaoiu»ry o^itheiiuniiB'igs* 53«54«S5« 
S6«S8}« But ooRie of th«m ar t piovidsd t # i ^ noc9e(rig*35}« 
*ni« ofintjfal J ot« of <±kd iameiia io st^ ^mrafeiid fsoa tiho 
exceptor Xaye»r on either ai^o by on easily i^ontif i^bl<» 
baa€Rd@fit moKifosrano (Fi'js* 49«S2«54«55«S7)« St is m. oofisttrictad 
pooaacje uhioh i s richly o^pr^liod «»i^ l9QSai ceilsCi'igs* 5S«S7)* 
llio central cor® is f i l l e d ttith denao ismneetivd tisstis ( a ^ * T l * } 
of oollagpnotis unA rstloti lar fibtres* l!hl& nJk^^ thes laraolla 
rigldCi^igs* 49«S2#5S#57)« Dtnaieo of olfactory nerve fibros 
( f o l i a olfi«atorial &x^ blood capi l lar ies af« also fro(|yw)tly 
wmm* A spacious lyroph spacM can bo sosn in ths srxtvsma tsr» 
niinai sons of ths lanella «rtiara ths acmnactivs tis^us bsoomstt 
loostt (Figs* 48«S2)* ths histio<3yt«s(HSS*> and fibroblasts 
(F»*C*) ars also prossnt(rig* S7)* iisnsory# gsblet and th» 
pigmsnt osl ls ars oompletiSly absant* 
has lacrimal sac Ci«AC*ACC«i«AS•SAC)only which is 
i l l 
•ttae^Mia t0 tli« pomtmriov patlb of tim oKacstory Q»i«iiber 
(Pig* S9)» Tim 9tiximm oloso to t\m olfaotory •];»itH«iitii ! • 
straiglit follcnr^^ by anothttr s<KtiQljK;ular lay«r l«*vifig « 
^»aeloiai i^wstt known m§ IUSMR (t4l4«Hlri9s«59«60}^i^«t to ^ bm 
htammnt mmlbtemBm dX9 tim %>«iial,(BC») and dO^idal uMpporting 
o i l l s* 'ihmx9 19 no ai££«renc9 in th«ir oiai«# but tlniy can b« 
<Iistinguishe(3 by th<iir dlstributloii in ptamM^l and siiirl;-
pn^rai 8i3rfac«9 rw$pmstky&lt iPity* 60)» tl%9 dinartsatlon of 
basamMit maiioirana i» not vary aaay aua to %im prmimusm of 
iaan^ iHtxSinaJl ajlaatio oonnactiva tlajiia fibraa CU!#«CSESt«*TX«li 
running alongwith itiPig* €0)« "Tha oonnactive tissue of 
coiia^anoua fi£»raa(C0i:**€X}£]»7i«} io alao preMwit* 'itm aiaatio 
connactiva tiaaua f ibsaa giim ^lo aeoauaory aao^ tha ctiarao* 
tariotie oiaatioity* 'Stm ^ i^soi^ jory o^ io in a atratchaJ oondition 
bacxkiiaa oora apaeioiKi m^ aiJoufa 'tiora quantity o£ «#atar to 
entar into i t* 'itia ln^poctant c^aractariatiea of tha lusaaasory 
aae ia t^a rich a^pply of cxinnaetiva tisaua fiibiraa and acanty 
^nA diff uaa ati^ p^ly of oaliuiar aoR x^>n«nt«* tha caeaptor oalla 
ara wanting* A fair goblat eaiia arm obaacvaa* At aurfaoaa 
thick pigman^atioa ia aaan tmidi may ba in tlia fona of branaiiad 
pigRian^ oalia antan^iad in aXaatio oonnaotiva tiasua fiotaa 
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^ Oorydorag jMarwi^ . the olCaotory Ko»«tt« ooiuiiat* o€ 
•ovdf) to (lino fol<J« or Haisciliaai (t«AH*> arrang^J on either aid* 
o€ a broad rapho (Fig* 6i>» itie outer or ao£«al oargMUrui oC the 
ladiall^ie am €ce#« n^ i^iie their itmer or ventral margina are 
attached to the wsiXl o£ the olfactory diaiiiior* i t s pfoacliQai 
end iji attached to the raptie and diatal to the waii o£ tMi 
olfactory chasiber* itio l<as8ollae are well aeparated igom one 
anotheri therefore* attffioient interlamell^r apacoe l i e in 
betiMMHi then (Fi9* 62}• «.-ihole oi the olfactory c^aotiar lina<S 
by the i^itiMilitt»« t^ i^ oe the ihajpe of a heart or beetle* 
Each lamella hM a eyb-^iyaoaa or eentral core* The 
central ooxe ia eurrounded by aetfiaory epitheliua or muoeea* 
'She i»«HK»ea oonaiata o£ a columnar awl ci l iated apithelia* A 
«fell defined iMMieeent nKH r^ane denareatea the central cere 
from the aenaory epitheliua iViq* 412)* 
the olfectory ftpitheliyn ia atade i«» of the iollewing 
ce l l typae t« 
113 
2« *Shm roeopfeor a*X3.»-
C«> i^rififtry fi«ttfoti«*. 
Ill) %lfiai« ifti«i$Mifl r*oi4>tor*. 
9* thm basal <Millii* 
tl}« MiqumcMi of arr«ii9«K!iQnt o€ v^ arlotw otiitiiitf a9nt«fit« 
afifS their iitiel#i aiong the ttiiduiesa of ttie oJt£«otocy opitiie-
IXvm m&f £»• do»er4b<^ m$ iollotM i the most pwoxiaaJL position 
n^ oct to ttio I>ft9«a^ it cas^ tarano i s ooou^isa t>y bsssl ooiio 
<ac*HFi9s« «3«66#A7«^)* 111011 follow tlie nvalmi. of ^rlatsiry 
Dsusonoe (»Pi>*) and mpiodlo sh^oa £«is^toirs (»s^*)Ci'ias« «3# 
&t«6Si6lb) • 'Hio tx&sai oeila ace oiso found to be Intec^aingied 
ttfith £eo^tor ooiio* ^esst in suisaeaslon i s tim svg^aorting a^ ne 
uMat consists of oiiicito^ su^^ i^ottin^ oeile(f?BCf><Pigs« 63«64« 
^^^>* ihe {DOSt distai position i s o«3upie(l b^ f yie 4»)iai7gea 
nusloi OS o»luandr oiiiated si^:iorting oeiis l o ^ ^ I»a3siiy 
in tlioir hmm aistal Xls^ iDs <DI*SC»Hngs» ««*6S,67«69)* ^le 
sus^rting sons of two iMieliae remain sspaorstedi t>3f tlie int«^» 
i«Miii<ir spaoes i^ iexe e i i i e are pxojtieted &m mm cesuons^le 
for ccostin^ tHe wster cuorent f^i^ ugiti %!hm olfactory qttswber 
dim to tneir «nidireotion4il floating* tlie goblet oells are 
wantlnQft 
tiM ooltmnar oiliatetf eupKxtirting oeiis are i^ cesent* 
the nuQleiMt of SMpporting oell i s lotsiiS or oval with granular 
ohroMatin material mdl «m easiljf «Sistingiaishalile niislaeliis 
m 
ehift«d towards otm aiOm (Figa* 63,64«6StM*47)« tliosf «!»U* 
«^w» two li{nt»*« an inrmr or pioxlmai and «n oiit«r or diatai* 
Th« outor or dJUitaJi limb (ox«sc«) i« bxeadar &nd i s peovi€ua 
Mith hono^^neous . cytopJlaam (Fjlge« 64«$S#6'?/69Xt!io di«t«l 
Ild^ao of theao oalla oallCKitivoiy givo ttio ^p«ar^ >V9« of 
ho(ae>9«H»ii8 aono nhioh onda at tha frao aurfaoa of tha iaoiolla 
(Pigs •63,67).tfia broad« oolumnar diataX Jllaib of tha oaXl a«|)porta 
o i i i a ««hich lira ii%»iant«<2 on t^aaai bodies (Pigs* 64*6S«e6*6?H 
Ths proximal l$aS!> of ti%o cal l as suoli i s not visibla vhic^ 
raigtit liava disji|>!>aarad among tha othar oallular oontents Xfixys 
undamoath tlneca* ^ a i r orgconisatlon towords tha f rss distal 
miA i s som6Mhat oondwisad biM; pcoxisnally thay ara rarely on^ a^* 
nissad allowing oloarly v is ible intareollia.or s^ a«tas» '^ @sa ci^lla 
Q&n be okMMirvod at different lotfols in tio olfaotory c^ithaliim 
(Figs* 63«64#6S#6d)* Ttm fish under investigation shotw a ra:>id 
tendency of transfbrmation of basal ce l l s into the aup^rting 
ce l l s resulting in Uieir oocurrence at different leirels in the 
sqpporting sons* Some of the supporting ce l l s secrete mvtaxm 
(Fig* i»} «id oat&pensate the idbwftnee of goblet eel ls* 
/ jyBSbJuBMHBMUfcnSBUuUi 
fm» types of roosters are present in Sl*MSOMM0 nrntrnX^f^ 
pgimidtf »e<p»nea tmA i^indle shaped re«9esiters* Both hthese 
r^b^pters are irragularlY distributed thmugh dut the olfactory 
.4^ithelii)ii« 'the baaal oella are also inteiwingled with these eells* 
i l 5 
Th* prAmaiy iMuxon«* ac« di»tifigiiis)i«4 by having 
splMirioal «nd 9ood 9tain«tf ntiol«l CFigs* ft3«t4#tS«M)* 
Dotiil* fiuelttoliw im pcwmnt witoin fom fiticl««Mi* TIMI thieSc^  
fiXlanMitotw i^icai dwidrits* of th* racNiptor c«I.X«(CPH«) 
•xftttod tipto tlM ££«e di»taX am:imm of tii« IOMIIIM* ttom 
ttm {icosOifial part of tli« nuel*l of x«o«i>tor oaJLl ariaaa an 
&mn (A9n*><F|,ga« 63*64^65)« "nm ofi^plaaai of dendrita and 
«mn ia aosinophillo« and that of dendrite stalna intanaivaiy 
m» oampajmd to the a:ion* 
the spifiitle 0hQpoil rtto^>tora hisve elongated nuoiei with 
Ql&atly viaibie nuoiear ohromatin and alaoet centraiiy placed 
nuQieoiua (i^igs* 63«6«»6S)* oi<i}iiar to the primatf nei«tonea» the 
thioH dendritea of th@ apindie shaped r^ se^ t^ora are alao caore 
eosinophilic than tho aseona* itte dendrites of Isoth type of 
re<^»tore are o£ varifing i«ri<3tha dopendin i^ on the deptha at 
tftiic^ their nuclei are situated* itie dendrites of :>rlmjry neo* 
cones and spindle sh^ ^^ eci receptors CFigs* 63#6S} esctend i«»to 
the periphery of the laaella without formation of olfactory 
vesicles* The distal ends of the dendrites siipport olfactory 
cilia* A few o€ the primiary neurones situated at the diatal 
region of the lamella, end in a cqp shaped elfaeiery vesicles 
(0V*)(Fi8*M)t the distal end of which sivpert sensory hairs(oc&). 
The aaions of oMiny adjoining primary neurones and spindle shaped 
reoi$>tors pracead towards the basemsnt msiMhrane and paaa out 
of i t in the central core« iihere they collectively Join to 
fore iolitM olfactoriwi(FO*OL*} whioh runs Just helew the 
I I G 
bttMeMitt tiMObran* <FiQS« «3 ) . Vh9 htmstX o«ll» ar* transioimvd 
into tlM primary nauconet* Hielr focaurt^ imi statjia* can ba 
ok»s«rv«d rarttiyCS'i^ i* 6?K 
th& p€K3uJLiarity of tha oJlfiactory o^lthaiiURi of tMs 
fiish i» Vhm tndafinodi £>asal ssofw* 'ZtKtugh tSm basal calla 
artt ol:NMirv@<3 n a ^ to the baaaeaafit caeK r^ana* h\A tliay ara 
alLaa €ot»a to bo ptta&mit onywHore in tha muoosa (Fiya* 64« 
6S#^#67)» "Hie basal oaiia aro oitjoiaal in sha|Mi« Ilia nucieuo 
o£ tKiB&X Q&ll stains aasiiciy with iiaar^atOKyiin mnA ia airaoafc 
souna in sbf^* Their £ro(itiant aiatribtitlon in tha supporting 
saono can aiM> t^ noto^ at txm tar^inai tipa o£ the iar^ilaa 
iFifs. 65,67)^107 aro tMidi€£arantiataa eaila cHid in a i l pro-* 
babiiity« givo riso to supporting ana reaQ^>tor otiia* iiieir 
trima&>s^ation int» raoa^tor and ai^^xirting oaila o<in be 
idtantlfiad in tha oi£aotory ^it^ialiua with ti^ ia raatiit that 
in tha feimiar oasa a3«»nal and aanciritie fibres are visible* 
and in the latter# uniform callular structure i»ith clear diatal 
lifiib ia obeerveA (Vi^a* fiS^ftl)* 
each lanella i s proviOed with a sufficiently bcoad 
central oore or sub-muoosa which i s lined on i t s either sidee 
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l»y • ymlX (jHilifMKS t>4i»«ii«nt mmbrwm tihleh ••p«r«t«c i t 
fsom the r«o«i>tor l«y«r (Fig** «3««6) * xt i s filled with 
Qoimeestiim tissue of retieulsr fibf«s» the lyn^ specses sre 
present at the bxosd distai tmgiam of the iaoMile (ri^s* 62« 
69)• this bxoed segicm has e rich m^pplf of retieitlsr 
ooimeetive tisstis (Cxm»Ti*) t«hidh eots like the turgor to 
give si|>port to the XSMSIIS to malee i t rigid* The basai oelie 
are enoountered in the si^ -^muoosa* iiistiooytesiftzs*} ana 
fUbsomasts (F3«C«) are aiao obsorve;^  to be mntatigiea in the 
retiettiar oomieetive tissue(Figs* 66«^)« the oifactory nenre 
fibres mnA blood cai>iiiarie8 are also visiU»ie« iiu»aroue arooi^i 
of <Sif£er<xit sises are also prci^ ^nt (Pig* 69>• 'She sensory^ 
gobletf suiiporbjj^  trnd ^^ i^ acmt cells are abs«Hfit« 
Ttim oonvergenoe of the prosdUnal ends of the lanellae 
t9k.m the ships'** of Mk ovoid struotmre^ id^mtif led as r9^9» 
the r9^® htm thidic oolusnar oiliated epittMilius devoid of 
sensory alemsnts* i t s oentral csore Is provided with dense 
reticular oaaneotive tissue (trig* 68)* thicdc bas«aant iMRibraiie 
stands tm pNurtitisn in betwsen non>»8ensory e^ithiUliun and 
central oore* The goblet oells are wanting* the no»<*«M>duliated 
nerve fibree are also soen in the r^i^e (Fig* 611}« Slood 
sMpply to the lamellee i s thioujh raphe* the raiihe i s in 
oontinuation with the oentral oore« sending branehee of 
i n 
oommctXf ti»a%m mtA nutrition al aont«iit« if«(|ulx«i by tim 
Fig* 61 Tramivftrite tt«tetloii tifi ttMi 
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fHK WASAL OpgWlHOS 
Sum* (1909) aivid*a torn no«« o£ thm f i«h into 
two piAet,» i (1) thm o l factory chamlMr with i t s co««tt« 
fostas thtt ««a9ittial part o£ th« organ and «ftii^ i s jp^ roo* 
t i o a l l y ooiistafit«(2) th« aecsaaory na»«l ai» may or taay 
not bs prsssnt «MS thus ar* of asoondary importanc** 
Each ol£aotory oh^abar in bony fiahea ganeraliy 
OMinaimicataa outaida by a pair of naaal opanin^s (8ataaon« 
18d9# Buma« 1909/ Tttichm f^m^ 19S4; Kiaarakopar* 1969) 
whoaa function ia to oarry a watar flow through th« olfactory 
aao> aa a aouroa of olfaatory atiniuli* Hovavar« each 
olfactory aac haa ona opanin^ in ChrcMiidaa« Labridaa 
(Burna, 1909)i Oaataroa^<=ius(PiPoinq. 1926| Laglar J i j i . , 
19«a)i aoulpina« Cottua (X^aglar H Jll*« 19«2)i quab 
(Pipping* 193«i Liartiiann« 1933)* Xanantodon (Singh, 1972f 
Gupta and Shrivaatava* 1973)i Eaoooatua ^<olitana ( Khan 
and i(ahitani,1979)i Triqhiuyup aavala (Shama and Khan, 1979)i 
Wff^yffHtyf 4 l^bf t# (Sinha j& H** 1980). 
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Vtm singltt opaniog i« diM to thm ••oondary tNodifi-
cation of t m oXoa«ly placed nostrils diM to th« d«9«n«r*» 
tlon o€ int«ma0«l. ••pta* In th« opinion of Bum« (1909), 
**th« noa« may M9vnm («i^«r«ntly mm m aaconaary modification) 
tha condition of a widaly opan pit without daf inad noatrila 
at all (Soombraaocidaa)i or by tha alavation of ita floor 
and tha si;toaaquant rupture of tha bridga battiaan tha noatrila« 
tha cavity taay a* avartad and tha organ tranafoewad to a 
bifoliata t«)taola(Tat£odona, iiiadarahain ^md Tata Rag^n)*** 
In 9ar fiah and half baaHa tha organ of olfaction ia 
praaant in tha form of opan cavity (davart«ov« 1939) • 
iiiavi and Khan (1980) in Tetrodpn oatooa hava ratainad tha 
nana olfactory flapa to auma*a (1909) bifoliata tantaclaa, 
iaacauaa tha tantaclwi ara alandar* alongatod parta« whila 
tha flapa ara broad* 
Bartmar (1969) raportad ainjila noatril in Provar* 
tabrata and Praiaithyaa* Ha obaarvad that functional 
afficiancy of tha organ ia raducad in tha fiahaa baaring 
ona noatril only bacausa tha watar had to pass in and out 
fiOM tha aama opaning* 'fhia could ba provad by tha findinga 
of «rundar (1957)« singh (1972)« Khan and »ah«ani (1979)« 
3inha j ^ gJi* (1980) imo rmportm^ aingla opaning of tha 
olfactory chanbar in Oaataroataua* Xanantodon^ Eifoooatua 
12. 
«"<> H—ig»»phu« r««p«ctlv«ly. q—fga«fu» W M found to 
b« having t w l«a«Il««« «fhlX« X<n»ntodon «nd gaoootaa 
only on« l«m«ll«» H<niryiDhu» i« devoid of coa«tt« lik« 
•tructur* «nd its pi«c« is t«H«n q> by muthcoon shspsd 
boss lik« struotur** Thus* all thes* four £i«h«s mxm highly 
AlcroMiatic in natura* Tha watar la aamplad in and out 
thi»>ugh tha aasam opfmlngy thare&>ra« tha olfactory organb 
function la Inafficlant* Thus tha fiahaa poaaaaaing alngle 
nostril ara ganaraXly found to ba mlcroamat typas that la 
aya»fl8h* 
Bartmar (1969) olalffls kfhile dascrlblng amslutlonary 
history of tha olfactory organs in vertahrates that in 
(!iost of tha fishes this aingla opanlng la dividad into tMO 
aparturea by tha nasal brldga forming an antarior and 
postarlor openings* Tha formation o£ tha two noatrila 
Incraasaa tha functional afficlWKsy of the organ* Tha water 
«ntars through one and leaves the olfactory chamber through 
the other opening* Hiia aetlK>d of water circulation is 
obaerved in alnost all the modern fishes, especially in 
laacrosmat forms (nose»fiahes)* 
In the present study the four species namely« 
Bsrbus i£iset« itasm ^^&^ssm» pgyyiycw JSQSM* •^ 
Helostoata teBMiln<dci posaess two nasal os»enings* The 
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anterior na8«l op«ning i s found to la* bom* on «n outwardly 
«nd forifardiy dir«ct«d tub* in M»vitf tua. C«a*n*ua and 
H*fwminck4» Tubular antarior opaning haa baan rtportad in 
'iffi^fnf Jtfi?f^ <4«t^  CKapoor and ojha, i972a),HiMaaa ssm 
(OJha and Kapoor* 1972), Baliati^ arvthrodon (Riavi and Khan ^  
1979)* According to Bum* (1909) tha ti;toular antarlor 
opaninga ara ganarally found in tha Sala, aoraa Siluroida* 
Anablaoa and Oohiocaphalua. but tha tandanoy towarda tub* 
foiimdtion la ao wid*ly diatributad and variabl* in ita 
oocucranoa and axtant that it probably haa littlo to do with 
natural affinity* 
Bum* <1909) furth«r dividsd th* anterior and 
posterior nostrila into various columns* M* r*port*d that 
th* anterior nostril ia very fr^uantly« especially in the 
lower Teleostei« more or less tubular (ttostrils'Column ID* 
In soma of the grot¥»s« for example Cyprinidae and Oadidae, 
the hinder wall of the tube is elevated to form a valvular 
flap (Nostrila* Coltnm IIX)« and in other groupa or aaparate 
genera (Herluocius, Ksox, Saliiionidae« Cltjpeidae ) thia may 
be augmented or replaced by a similar downward prolongation 
or curtain that dipa into the olfaotory cavity above the 
centr* of th* roaatt* (Noatrils, Column IV)* Th* postsrior 
nostril alao ahowa variations in the fbxm which depend 
little upon the affinity* The poaterior nostril is either 
« sift^ l* op«n pcr£oriation fiuah with th^ aurfao* of skin 
(Nostrils, Colinun vz) vhich may shov oonsiasrsbl* aife«r«na«s 
in si2«« biit oonmoniy is •ithsr oirauXar« ovsX, or orsscsntic 
in shap«i or it is « slit or pin hoi« cioswd by vsiws* A 
valvsd oondition (Nostrils, Column v) of this nostril is 
usually found, thoucph not solsly in fishss pcovidvd with 
aocssaory nasal saos, and forms part of a gsnoral machanism 
for drawing watar forcibly into tha olfactory chambar through 
thm antarlor nostril* 
Tha antarlor tubular nostril of H»vittatus^ <;»aanauf^  
^hd H.torKninoki can ba classifiad with Buma*s (1909) 
Hostrils, Goluan IX* 
Batason (1389) suggastad '*0f thaaa two nostrils, 
tha antarlor is to soma axtant tubular in all fishas 
(acKcapt tha alasmobranch) which saak thair food by scant**, 
for axarapla aotalla^ Oobftj^f, Solay, 22SaS£« ^nauill^ , 
Laoidoqastar* 
Kapoor and OJha (1972a,1973a} claia, **whan tha 
antarlor and postarlor opanings in a fish ara a^^aratad by 
SOMM distanca, tha fonaar is invariably bo m a on a tuba"* 
rurthar thay also obsarvad wall davalopad olfactory faculty 
in tha spacias in which antarlor opaning is situatad on a 
t«j(ba» This is in accord with tha findings of Bataaon (1889) 
who ooncludad that an «Ktansivaly davalopad olfactory faculty 
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is pr«s«nt In £lsh«« posMasing tubular «nt«rlor opening. 
R«hm«>l and Khan (i98l> do not SMpport tb« vl«w« of a«tMon 
{IB89) and Kapoor and ojha (1972 a« 1973a ) bacauas th#y 
obaarvad laaa d«v«lop«i olfactory faculty in Ooliaa faaoiatuy 
and Nandua yianduy though thay tx>th bear tubular anterior 
op«ning« and ara thua raicroamatio* 
Tha present author alao oontradicta the auggeation of 
Bateaon (1889) and Kapoor and OJha (1972a« 1973a} and aupporta 
the viewa of ftii^ iiani aikl lUian (1981) beoauae in H.teriiminqki 
the anterior opwiing is borne on a ttibe but the fish ia 
provided with poorly developed olfactory faculty and hwnce 
taicKoscnatic in nature* The other two fishes H»vittatus and 
C»aeneua have tubular anterior opening accompanied by a 
well developed ol£aotory faculty* Ttius, it may be concluded 
that there is no conncKstion oetween tubular anterior opening 
and type of the olfactory faculty* 
In B.aticma the anterior opening is not situated on 
a tube* Instead, in it tim raised margins fdr» the lips of 
the anterior openings* The posterior m-irgin of the lip is 
continuous to fom a hood like structure or nasal flap* The 
flap is small and directed forward end outward but does not 
cover the anterior opening which proves that it does not 
function aa a valve of thia opening* but it singly helps to 
deflect water towarda the pore* Both the openings are 
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s«par«t«} by this iiMal £l«p« A •Imiiar struotur* i s ob«ttirv«d 
by Johnson and ngown (1962) in S»b>«^ds« t f lanooa. Aaoordina 
to Butnm (1909) thi» tltip i s « Ch«r«ot«ri«tie o£ sslinoniast 
gaaoids «na oyprinoida* Th« nasai flap laada into ttie oifaetocy 
chambar thcough a tObs whosa innar margin gata tranafomad 
to form a tiniokanad cushion li)ca structura callad rim which 
rasta on tha cantral part of tha conoava aurfaca of tha 
rosatt®* 'Tha central part of tha roaatta i s %HI11 danaroatad 
from tha pari^aral part by tha linguiform procassas* Sued) 
an antarlor opaning can tarn claasifiad tirith Bume*s (1909) 
Nostrils Ck»luan IV. Bums (1909) raportad a curtain lika 
axtanalon of tha nasal flap into tha olfactory chambar in 
Lafaao oonius and saveral othar ganara like .taimo^ liS2S« 
cobitia. Tinea* Liarmann (1933) alao obaarvad tha curtain 
lUca axtanalon in Carassiua* Latar Branson (1963) raportad 
a almilar structure in Hyfaopais and designated i t aa a 
••valance." Qara ootvla and Lfbeo fohita (Ojha and Kapoor« 
1971 a, 1973 b) are also provided with the curtain like 
structure and the nasal flap* a^hmani and Khan (1981) 
observed a poorly developed naaal flap in the posterior 
margin of the anterior pore in £i£illi oblonaus. 
, The anterior tubular opening of E'^ iS^AlUlft' S'JfKllM 
•hd H.tj^incki are without any valve* Similar f indinga are 
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r«port«d in Hygf^j Mwautaf .Ch«nn« punoftua {Kapoot 
Mia Oiha, 1972«, 1973«)| iaBalJimA ISaiiiilA ifmictmrnim, 1954)| 
Anab^ faitMdin«u». Ephiootf pyb^f (fl«hm«iil and Khan, 1981 >• 
n^ '^'^ iXX*^ ? i^ttu (Ojh« ^nd Kapoor, X972) th« hinder margin 
of th« tukNi bearing the anterior opening i« produced into 
an iipwardly and oaokwardiy directed fold* The anterior 
opening of Silurua olaniua (aume« 1909) i i e s at the end of 
a short tube« the hinder margin of which ie produ»[Nl to form 
a short tentacular procesa* but such a structure i s absent 
in other cat fish Claries iasi^ra* As i t may or may not be 
present* thus i t i s not a characteristics of any group* The 
function of the nasal flap and anterior nasal tube i s pro* 
bably to deflect water into Uie anterior opening* 
Hie present author obsenraK3 the anterior opening 
^^ *»yticMia opening directly above the anterior and central 
part of the olfactory rosette* Similar condition i s secun in 
2i£ft SS!&XiA* hMSaSL SSiii£sM <0J>»« «»<* Kapoor, I97ia, I973b>f 
Ssiltft lAisAsSA' cn t^y t fw iv>^ r^^ nft (£>in9»i« i9''2>f 9Mm3 
SmOSOSmt* Sgr>IW»lff 9X&^* 9%9U%^m §^nmfm (»ahnani« 
1919)t aebastodes ^elanoDS <Johnson and Brown, 1962) and 
Centrarchidae (£aton, 1956)* 
In tj«vittatus, H.teiiminCki and C.aeneus where the 
two openings are placed at a distance from one another, 
the anterior opening instead of opening directly above. 
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op«os In feont of th« cos«tt«« Similar findings «r« 
rmpoztma in Waliaao »tty (OJha and K«poor« 1972) and 
g^aana^ punctatua ( Xapoor and Ojha« 19'7 3 a). 
mian avar tha antarior and poatarlor opaninga ara 
aituatad at a diatanca CCXMB one anothajr* tha £ormar ia 
invariably amallar than tha lattar* Thm poatarior opaning 
o^ ^*vitta<fvf. Caana^f and H.y^ m^gtinck^  v h i ^ Uaa at a 
distanoa ttxm tha anterior tubular opaning* ia £ar big(|«r in 
aisa than tha lattar* Tha araallar antarior and largar poatarior 
opaninga ara raportad in Channa ounctatua (Kapoor and Ojha# 
i973a}i gojjm. £M2is&M» 9>^^f^^m QMSiimM' ^^^u^m Si^amim* 
Bsya^££la (smgh, I972)f mBSHMt Sm3iMM* Hvaopaia aaativalia 
(Branaon, 1963)i q^U^r^W MSm^M' lgn^ PS>y,f gf^4i 
(aahmani, 1979) and Haroodon fiaharaua (i^ anday and 3arala# 
1980)* Rahraani (1979) could not find out tha raaaon of a 
amall poatarior noatril in Anabaa taatudinaua though both 
tha poraa ara looatad at a diatanoa from ona anothar* 
h^ B«atiQwa tha antarior and poatarior opaninga ara 
aaparatad by a naaal flap and ara found to ba almoat aqual 
in aiaa* It ia notad that whan tha titfo opaninga l ia cloaa 
to ona anothar, thair aiaa diffaranca ia niinimiaad. In ai«^x>rt 
of thia viaw a f aw axa i^plaa can ba citad auch aa o^ai aStSiXlA' 
Glvetothorax talehitta, SJast£ f»^g>¥?rVt <OJha and Kapoor, 
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197X«« 1973«« 1974) «iid S»b—tod— wlanooa (Johnson and 
Bxt}im« 1962) 
Bum* (1909) and Malyulcina S&aJL*^^^^) Mport«d 
grwat variability in th« aixw^ ah^pt and atructor* o£ ^w 
poatarior no«tril in diffarant 9pmQim» but i t ia found to 
dapand l i t t l * upon tha natural affinity* In H«vittatua, 
s.atidwa and H.taarniJnel^ ^ tha poatarior naaai o^anixn^ ia 
oval« whila in Caanau^ i t ia aami-diraular* h part of tha 
rosatta pa^« thxough thia opaning in a>atiqaa and C«aanaua» 
Tha poatarlor opaning of M»vittatua ia aituatftd juat bahind 
tha naaal ba^hal, tha Eaovaraant of %ihich anlarg«a tlvi voluma 
of tha olfactory ch4»ibar* According to Buxiia(1909) oraaoantio 
ahapad poat«rior opaning ia highly charaotariatio of tha 
Salmona^ Hars^ inga and Carpa* But racantly Ojha and K«^ poor 
(1973b) «nd 3ingh (1972) obaarvaa oval poatarlor opaninga 
in two major carps, nanaly y^ssL go^ita and agjya ^i3£i&* 
Tha praaant author alao doaa not agraa with 3uma*a(1909) 
f indinga baoauaa B.ati^ qwta which i« a carp po9—m»<w an oval 
poatarlor opening* Thua# th« oraaoantio poatarlor opaning 
cannot ba aaid to ba tha c^araotariatioa of Gmrj;^* Tha oval 
or circular fona occura in many gtotya butthay mxm also not 
tha <^araetariatics of any. 
•ma postarior naaal opaning in £*lSt^ 9GUI* U'SOmMl^Sik 
and c;»aanaiM i s flush with tha aurfaoa of akin and can ba 
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olaasifi«d with Burn«»a <1909) Nostril 0>lunn vx. similar 
typ« of posterior opening 1» oba«rv«d in Anabas tsstudinsus. 
SSlMiS fMoi^t^f, NsQdM mnSm (RaMmanl* 1979)i Oollis 
dusswier^ (Rizvi «nd Khan>197e), Channa otgwatatif (Kopoor 
and OJha, 1973«), Wotopfrus notopf rus (Sharm* s^ a^., 
(1980b)' Zn M«vittatuy. tha prasant author obsarvad that tha 
poatarior opaning la provided with alightly raised margins 
having anterior and poaterior lipa and oannot be claasified 
with any of 8ume*8 (1909) Nostril Colunns* Sxaetly similar 
type of posterior opening is reported by Kapoor and ojha 
(1972a) in Muraena undulate* 
According to Surne (1909) the valved condition of 
the posterior nasal opening is oiostly present in the fishes 
which are provided with accessory nasal sacs %^ere they 
form part of general tnochanism for drawing the water forcibly 
into the olfactory oh/amber through the anterior nasal opening* 
But in the present study it is seen that H.temminOci does 
not bear a valved posterior opening though it possesses 
accessory nasal sac* Kapoor and OJha (1973a) also reported 
the posterior opening flush with the surface of skin in 
Channa punctatus though the accessory sacs are present* 
Bume (1909) reported valved posterior nare in 
Solea.Cvolopterus. Wuail^ Sphvraena^ Scomber. B9v4?>><rftyff* 
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9m*9iU in H»l!WB^ 4«19?li «nd ca^yvdorf jSQSMt. Th« ptKluncul«t*d 
olfactory bulb* asm e«port«d.in Motopfni* notoofrin (8h«n»a 
SSi.§Jk*A9BOb), •^U*<|ff ifeSai <ojh« and K«poor. 1912), u>b«o 
roHitf (Ojha «nd K«poor, 1913b)« S«l«chl (Johnston, 1911 i 
i4«lytfc4«« a S t l i . , 1969), Cbrvdor* paliatua (rtlll«r, 1940), 
C a w a l w auratuf (Schnitslaln, 1964), Oadida* <D«vit«yn«, 
1912) and Qalaichthv im^^ (Morgan, 1915i Sohnitxloin, 1911). 
Th« sacsil* olfaotory bulb i s also raportws in numeroiMi £ia)ia« 
by various tiosle«rs# lor oxaraplo, Trichiyryf aav^^a (3hamia 
and Khan , 1919), Baliatia crvthgodoyi^Rdgvi and Khan, 1919), 
"f^V^B Sa£S3M, (»i«vi and Khan, 1980), p.YTW^ f^f^ aVft olioolaoia 
(Kapoor and Ojha, 1913b), Mi^MH $fm%W^imm* ^P^^PM aC^4ii# 
Caran^ f oblonoiny (Rahraanl and Khan, 19S1)« ito«rcr«or, Kapoor «u»d 
Ojha(1912a« 1913a) could not «stablish th« reason for th« 
abaanca of olfactory bulbs in i^^aana undulata and Channa 
Tha olfactory bulb may ba looatad to acquira a position 
of aithar padunculata or sasaila typa irraspactiva of th« 
macrosmatic or miccosmatio font* Tharafora, tha location of 
tha olfactory bulb haa no ralationship with tha sansitivity 
of olfaction* Marshall (1941) woi^ad on bathypalagic fishas, 
namaly qyclothonf microdon. Qpyy^ fVy^ i frfV^Tpni^lWI "u^ d raportad 
sassila condition of tha olfactory bulb in nalas and fawalas 
in both tha spacias« though ««laa of tha bathypala^ie fishas 
haw wall-davalopad olfactory organs (itacrcsrEiatic), and 
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tmm%Xm h«v« rmqgmm9mi or m»mll oi£actory organ (micxoMiatie) • 
h*tmr XApoor una Ojh« (1973b> mv^poetrnd M«rsrt«Xl (19*7} «• 
th«y ob.«nf«d • ^ • i l « olf*ctory bulb in C^ipoq}^1^m^^ oIiqol«oi« 
tfhioh i» m maeroimidt* on th« oth«r h«nd« Ojh* and K«sxx>r 
(1973a} r«port«d[ in ano%h«r n«cro««atio fiah« Qivotothoy^ 
f Ichitti^. a p^dtmculatvd olfactory bulb* Rahmani and Khiun 
(1991) r«port«d two m4KSieomnmtm Sfi^iopuf orbijr and Anabaa 
rtandna snd Otolithvw am«Ktat»« All t;h« 2iv« «paoi«a atudiad 
by Rahiaani and Khim (1981) h«v*i aaaailo olfactory bulb* Th« 
present diutSi^ r agreos with th« vi^ Ms t>£ H«rahall (1967> and 
Rahmani and Khan (1931}« In thm pr^mmit study B*®t4,<ya^  «ftnd 
C»a<in«uy> belong to «ye*na3« grotp o€ £i3h«s« Qtstiqma has 
padtaricul^ tad olSactory bulb while C.^ ^neug posaeaasa aasaila 
ono* Th«re2or«tf «ihotevar may ba the position o2 olfiaotory 
bulb, tha ol£aotory capacity of th® fich tmnslnB ontiraly 
uninCluanoad. 
Taichuiann (1954) proponed only on« paraaater to 
oaloulata th« acoloaical ooa££ici«*nt o£ tha £iahas« Ha(l954} 
took the ralativa araaa of tha ol£actory apithaliim and 
ratinaa for calculating tha aoo logical ooa££ioj^nt to 
find out whathar tha £i»h ia maoroamat, mlcroamat or aya-
noa«« But aoma drawbacka *em aaaociatad with thia paramatar* 
Tha area of tha ayaa can tim calculated e a a i l y sut difficulty 
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arlaea while calculating th« olfactory area* Tho lam«II«« 
often hav« v i l l i * l i k « sacondary foldin^a in soma £iahes« 
»uch aa Oncorhvnctiua (Pfalffier, i963) , Anafo<^  t«atu3inau« 
Ctahaani and Khan. 1930)« grayiinj ( ^atlinj and Hiliwian, 
1964)* Balt ic sea trout, falmq trutta trutta (Holl, 1965/ 
Bortmar* 1972C)* Tha lantallae acm also found to ba posaetaaing 
minor laraalla* for exaniole Coliaa faaciatua (fiahmani and 
Khan# 1981)» Archoolitaa interruptua and Cantrarcnuff 
macroptarua (r:3ton, 19S6). Theaa secondary foldings and 
minor lamellae help to incraase the olfactory surface of the 
laoiallae resulting in the increase of olfactory area* 
In the present investigation* H«teCT-ainakj^  bears 
protuberances and 3«otiqn<^ has dopressions and elevation? on 
thuir lamellae which obviously incraaae th& surface of the 
olfacfesry epitheliun* The protuberances and so much regular 
depressions and elevations are not so far been reported* 'iut 
these protubarances* the depressions and elevations* secondary 
foldings or minor lasnellae cannot be observed in an ordinary 
binocular to which we attach the camera lucida for drawing 
the out l ine of the lamellae at a kno%m magnification. 
These «jre usually v i s ib l e only when the sections of the 
lamellae are cut. Telchnann ( 1954) has given no consi-
deration to such structures, .loreover* i t i s d i f f i cu l t 
to calculate the area of thase structures without 
destroying the l«nei lae . J t i l l not a s ingle method has 
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biMfi pmponmi t>y any iiit»xlc«r to eaieul«t« thm mx— of th« 
mmoondmxf foi^inga^ pmtvbmtmmm, i3«pc«Miofi« «fitf •i«v«Uofi« 
ana minoir l4it*U«»« sinoo, in tN i prvMnt studyt th» t o t d 
oXfa<^ory aiwn xmuoLina dmiaid on the Mr«a o€ pf>otti>e]f<»ieea 
and i^M d^}C«aalon« &nA olov^itions in H»t<atali^ekf anA i^>gtiqaif> 
th9r«foro« th« «xaat aroa of thoir oifoctory etorfactta could 
not be calculated* 
l<atlMr« ti^ dimani and Khan ClSSl) £»iit Ifoxitafd another wat. 
o£ paraoeter £or ealoulating the do»logrioal ooefficisfit for 
oac^ apmsioa* They calculated the eoological coef£ioi»it by 
the celative lengths ofi the ptoaencephalon and isesenc^ihalon* 
'itiia now caet^d Cor the calculation of tho ocolo;|icai ooe££ici€Rit 
wsm Qdtopt&d W ^^ieSvmmX and Khan <19dl) in ordcnr to oveixiyKJse the 
drtmha^ i n the param&t&r uaed by VoiciiEiiadm (19S<I)« samm dram* 
bacica are alao as»>ciated with th ie new par^xiic^r, t^at i a * 
relritive limgtha oi brain lobea* Out tiMre are more c^anoee 
o€ error by adopting only TeicdKaann*s (1954) method* 7hua« bath 
the valuae of the eoological ooefficiant calculated by tiio 
di f ferent siethoda d'oictvaann* 19S4y i^ ahEaani and Khan 1981) 
can be cooij^ arad to drew taore accurate ooncluaiona about the 
habit of f iah* the pareneter of the re lat ive lengtha of the 
brain l«»bee(iiahiRani and Khan, 1981) givea good reeulta in the 
eylinderical or doreo^ventrally flattened fiehee imere the 
gxoifth of the brain and the f iah i a inoatly in antero«pea%erior 
diieetionwiiuit in the l a te ra l l y ooi^^reaaed f iahee^ audh ee 
fttStiffna^ and deraally flattened alcull* auoh ae f i * ^ i t t a t ^ ^ 
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tiKi iMrain does twt gtaw only in th« «n««fi»»po»t«rior <sir«etl0n 
mtt «l«o difv<ili»iMt v«fitf9*>l«t«r«ll.r« ^*^ ooly i«n9tli« of en* 
!a<i^ <iKEM<iphiiliCHfi <aftd iibs3ltofiot^ pliftl0ii siir# tMdsKMR tiwni IMB a e^ M^idttS'd 
paraiMatar* ThtM# this p«r«Ri«t«r tfoM not j iv * «IMI tfutt «la* 
a£ tho lolias in t^i* iouirally oaiipK«aa«i AMUd aovaaily Ciattanaa 
€itf}i@« btaeause v^tt9o«iat«ral incraaaa o£ tlitt lobcw i« not e«K«n 
intd odDsidoration* I t i s , th«irefi(iira, ovidant that 9osm dl*» 
cr@p€9iQ^  sisjf Skp^mtv in tH* srssuit of %hlm fiKs^lo^jiQai oai^£ioi«at« 
A^ d^irt fr^r^ ttiiii c^asi^ ba^ ,^ ^t t i<}i^l)a o£ tti9 ^rain iobos ia ^la 
n?mt. i^ -aro i^eter to I'KSVQ a samh i^aa about tl^air aiaa* 
%§ tha ain^ ^^ le iii©tiioa(Tai<^»aann# 1954 > i#aa adoptadt 
tha c^ancaa ofi Qtmr wara i^iora* iCae i^ng in viaw tha ara»«baaca 
of aiic^ of t!i@ par^moft^g, ti^a pn i^&ant a^ sUior liaa a}nai(3arad 
xit?) tTia matiioda (T^dSi!iaasi« %9S4t liii^ imani <ind mm 1981) and than 
oampan^ %3m tuo r€»ult» to estaa to tim trntQlveaiian whathar 
tha i i i l i ia mao»»aaiat# micrsRuat or ay<a*no«a fish* 
Vm tmtvXta caiouiatad W ^ t h tha laathoda f«¥0iir 
tha iftaeroaoiatie (aoaa»fiah) aatiica o£ ^«vi^tfttup baeauMi i ta 
oi£aetory £aeulty and oilaatofy Xti^* are highly davalopad 
than tha optical f<aeuity and optio i^>a raapaetivaly* Utia 
ia a noetumal fiah* Thaaa fiahaa appear to ha moat adaptad 
for m inland and MuSdy fraah watar raaidanaa* ihay praiar 
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to Xlvm id tlMi pU<s— M d«rk am poasib|,«« Xt. U « laottom 
f««(tor where vialbllity is not «l%f«ys too good* thl» £i«h 
depend* wore tipon the ol£eotory f aouHy to eeeroh Ite prey. 
Xh l*i,^ 4ffli ^md £*aSS3t2tt « ^ reetilte ofi u w eoslegiceX 
ooe2£ioient celculeted by retinal end olfactory area aho«r 
that their olfactory areaa dominate over the areas of the 
retinal surfaces* Mhile the ecological coefficient calculated 
by the lengths of the brain lobes indicates that optic 
lobes are bigger than the olfactory lobes in both these 
fishes under investigation* Thus B*tttiqw^ and C*aene^s are 
eye»nose fishes* "Hiey both are surface and tald water feeders* 
The foi^er is predatory and foutd in shoals* Xt is an active 
fish and taovem at a great speed* that is« it swiois fast* fbr 
such an active predatory fish« vision and olfaction both 
play an important role* The latter inhabits slowly flowing 
water and are rarely foui^ in standij»g water* The results 
drawn by mort^nological studies also favour the behaviour 
of the fishes* 
<n H*%e—lincl^^ the results of ti» ecological coefficient 
calculated by two methods show that its optical faculty and 
optic lobe are greater developed than the olfactory faculty 
and olfactory lobe* Thus this is an eye*-fish (microsraat). 
The natural habitats of these fishes include weedy rivers* 
streams and ponds* irrigation ditches* flooded rice fields 
and are also found in dirty accmulatlons of water suc^ as 
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drains. This is a predatory eiah which iivM in aliallow wat*r 
whera it dapands tmrm on it* optical faculty for oat<aiing 
tha pray, ilia raaults of tha aoologicai ooaffioiant ara 
also in agr^ttaant with tha bahaviour of tha iiah* 
Tha information racaivad by fiah with tha halp of 
olfaction ia quita significant and valuabla* A fish can 
aaaily locata food« anamias« mmtbeirm of thair own 9pmai— as 
distinct frotfi thosa of othar spacia»« and migratory paths 
by tha help of small only* 
A vary significant sola in locating food is played by 
tha olfactory organ in many fishas* Batason (1889) notad 
that fish which usually hunts with tl^ halp of vision did 
not raact to food snMills* Such fish would navar faad at 
night* On tha othar hand# th« fishwt which atusst. thair food 
by small or olfaction* vision was navar usad for this purposa* 
Batason(1889) ooncludad that all fishas hunting by amall 
to soma axtant ara nocturnal animals* 
thosa fishas which inhabit daric cavas and tui^id 
watara of lakas and rivars hava minimum or no vision* 
Usoccull. (1895) did axparimants on sharks (Musta^i^ oanis) 
and Parkar (1910«1911) on sharks, dwarf cat fishas (Amaiurty 
nabulosus) and i^w^^^m t^i%fV^9U%m to damonstrata thm 
capacity of fish to locata food at a distanoa with ths 
halp of olfaction* Rawoval of tha olfactory organs lad to 
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ttm o««sation of ••ntory activity* 
Hftjority of th« ti»h— utliis* both vision ana 
olfaotion for their b#i«viour« Viaion plays an important 
fois iM sys andeye-^noss fishas* Ths edbur of tho food or 
scsnt of ths partnsr diff usss and dimnishss with distancs 
in aooordane* with somsthing liks ^n invars* squars law* 
Ittough th« rata of diffusion is lilesly to ba slow« tha 
ooncantration of tha odour trill fall off rapidly with 
distanoa from tha produoar* Yat tha olfactory systara of 
fishwi hava r^naxkably low thrashholds* Tha raoaivsr raoaivas 
tha odour« ^ats axoitad and is attractad towards it* mian 
tha raoaivar raachas tha so urea of odour« its vision baoonias 
mora important* Tharafora* what ^vmr tha fish may ba maorosmat* 
microsinat or aya-nosa.both vision and olfaction complamant 
aaoh othsr and play an important rola in its bahaviour* 
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iim iin& atruQtura oil the oifaotory c->it;^ t«3liti!i has 
tos3» 6tim1|.©J in niia®«ut» a^xicjiao of iis^ hf «tol«tot3(i9liJf 
'^u:^in9 {tm00 t^lllm3n (li)S3>« i'ruiiUo^^^oni^a (1961^ 
Btmaom CI9€»3)« J.*ai>iiisjt«r Ci^dS)^ Branohtaip and 2i?am^ 
(496S)« vinnl^0v (196S}# Mil#on ana 'loafeecaan UU&t), 
Oshalt© ana ri^il timilt UAuit© C31912)• 3orfeaaiKl9?2 Q«I>«C)« 
tjmavy (1373)# r.apyor ai*i3 ojha <19?2 o# 1974) # OjUa end Ka^isor 
(i973o># riar® C19T5) ana "k'^ oamjfco ami ij-Ma (1977*197Q a«f)» 
Xt i s c|<iiMir4ily bsllawes! that th® ^ s l « p i ^ ^£ yn® oiiKaafioirf 
e.^ithoiiuKi oC £i£)h alwfaiF^  no : fimcXaeiental variati;)!} ftmm the 
.ti»^l09icdil!f tim olfactory Xmallsm of ^ 1 Urn ilahim 
consist. a€ t%io prificip^i lAyt^r* t sn outor a^neary ^pitl^Xiura 
.^r .^ ucDita and a otntrai oortt f9r 8ti»»muo!»sa« Tha ^nwaattm and 
TftemioranQ wtii<:!h •acvoo tat a ia«Kliua for tiw mTtdtum^j^ of n«rvoti« 
.ind ntjK£.ritional ocKni^nsnts* H ^ r^X^^tivo tlii<;^jn«3s af th« 
luoosa and aub-cauaosa v^rioo fn%a £iah to €i«ii* 
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tlKi oifactory €|»itli®:iiijRi of V0rtal>rat9 i@ known to 
oxagti&& o€ olfactory r^JCisptQr G®lla ln%M3Raijtkil€)d with 
oupportingi colia as raixsrtovi oy 'foi^ins (3.926)« Kbltocr 
C1927)« aUson (1953)^ Hloom (I9S4)« I^ Jxtm ClaxK (1956) * 
i>3 l40cana9 il^S?)^ dttosoii Ci9^3U i^ct@r asiil ^atm^ivlllm 
(3.964)« ViQcn (1967)« loiaton .md lo idler Cl967)« ttloikr^copor 
<1969)» utUor coll«3.ir ©iouionts -ircKi^ mt are t ^ ..tueJUi pecrating 
.jablct, c©ll8 ana tl-i© ist^ai, a<3ll3# the lat.t«r 'jmixn .jrrdinj©a 
in a 3.oyor a t tiiio '>ao0 of tho e >itltoliUui* 
im^m %^m^m* :teto.i»>i, it,a,i.il?is^ 4 '^^ ^sMmm j£mm 
«ltli iaOLvMual variation in tho arjanjara'^-nt an«2 Qh^m ot 
'ilia iiWiiQi^uki uti .^ 4jb%ii?^¥:iifa»tii,c:yf«4fa 
..ciSh ofi tho 6U:?:iDirtinj c:oX3.8 in ycil:^, jayji i l (J^ J^ ia 
and i:a>>or# 1973c) .soars a-l2 c i l i a iiiig>lantaa an baaal 
.A-)dio9« i:n the :?r@a<ant study a l l the 0u.>r»c>rtin.j oalla are 
cili^3ta.i in ^,a,r^,i:ag, km9M «^^ ;,i<^ lffll<iTO^ , SEMtesaUL* ^^ 
praaoKs© of cill^itad aipisortiny c^lla in the olfactory 
apith@liisa of fiahoa has 'oaon r^isortel say 'Ij.^ina (1926)« 
Kolfnar (1927)# Allisan (19S3}tf Branaon (1963)« ^ t l i n a ^na 
Hiliaraann (1964), Danniatar (196j|) «nd ojha and K«ipoor( 1973c) • 
fha olfactory opithelium of ^afgtttp at,iam^ m^d ^4vfty|i v i t ta tua 
oonaiata of cili<atadt and non-»ciliatad au^porting eolla* in 
&*lUyni ^"i^i^^^ ^^ «a typea of aella ara ^rt&nqm'i in «MI11 
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(jomareatAd s»3n^« n^ilo in |i« vi^^atua the iioii*ciXiat««S 
•uppotrtinNgi amll9 &tm i r r^guiariy aistx-ibotoJ thxoug^uft; the 
alfaotory ^itheJLium inteitainalo^ with ciliated! euEDportiiig 
caU«« itoiJl (I9es)« metmar (1972a) <JM iSmani and iOiand^OlO) 
have rrportc^ the pre®@n<:e of :x>th o i i i itea and iwit"*ciii%t%^ 
ai«>£ortirKj caXla in the uiCaotury ^ i t h e i i u a in ^ a ^ teieoat 
species* I3ejft;aar Cl972a#b) ro.x>rt®a that thsni iit i» ^aifforonee 
bat%#9©n the two t^pos of ai4\ioirtiiicj coilc in the i r a^««flainoe 
or raiat ions to the reo©ptam# but ixttcin the au^or t ing ca l ie 
i i e tcKjeth*3r« tite .jeoup oonaiete of ono eo l l s t:^^^* '*^irtc!ijr 
(1972b) £urther adtdetl that no £i»icti0rial eicjniCicaiioe o£ tliio 
orrai^ioi^ent ham been gourvi but nutr i t ional Cuncstlons t^a^ be 
inv»lv©«3» In I3»pti^i^« t^ia geonping o£ tho oi i ia tod and tKin-
c i l i a ted otiri.^rtin^ ce l l s i s ii>to t t ^ (jxt<^t that tim e i l i a t ea 
una p^n-Ksiiiat*^ sancs ago d e a r l y Uistingulsh^* I t i s oosmev&j 
•^ h !3* ,^ti'?it.a thvit the 8ii-» x>iErtin«3 ce l l s «4re tiaually ns>»-oiliatea 
ifi ttio doprasalon^ ^hera the senaory o r r©ccj?ter col le *tre 
L3re5i^ it# «fhile the cillcitted e^i^sortinj c e l l s ace proeent it 
the elopfte or elevitione* Thus the non^ciliatea aupptirtin^j 
cel la in t!iis £i^h are confined to the seneonr idone« Ihe 
sensory j e l l s the^iuielvesi are provided %#ith c i l i ^ (BanniaMir* 
1965; «?rasietlei« 196$f iheieen* 1973| loielte ^ ftj^»# 197*9 
Vdia«{K>to «indi ueae« 1977^ I97a e*»£)« .toetly, Uie ncm^ciliatea 
eup£x»rtin^ ce l le are present axound the eenaory ce l le in 
order not to interfere in the taovetiant a£ the c i l i a o£ the 
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oonaory c«lJl»« Haviapmrt tli« pfomwa o£ c i l i a t ed ®t]g^>artifi9 
e«l is i» ohtMtvml in tti« rvgloii* whora sofiaory c<9lla aM 
raro or aito^othor ai^aent* ttiiis, th* present author Iceoping 
the pjMmmt, inwmtiqatiom of i^^pti^gsa JU» view ia in dK|VMkaant 
witti i%£i^K»@ni ana laian (1980) that the j^coMpiriij o£ iiif€or«nt 
types oi Q*^3i|iortintj C-J11® laay pto'aoaly hmm timatXEtnaX sisjni-
€ioanc@i» 
rho dis tr ibut ion of tliu o i l i ^ t ^ ooluiinar sti^i^rtinf 
ce l l s in H*teiii>aii>d(cf «aidi C»a«aeu|i ie imifosm thrumhoiit tue 
disti i i stnrfaoe of the l^ i^l lao ^srsiinyi a c lear cut 8U|)t^rtii^3 
sane* 'itte oti^^xirtin'i ce l l s in t%$th t!)e f ieliea are a l te rna te j 
by the dendrites of the receptor c^lle* »'ho c i l i u of tlie 
Qvprportim c e l l s of ^•SaMlQSM ^^ nd SL»M3m^ «a>f® cloarly 
visiolo projectinj into the interlvigfiellar Gi^ aceo* 4ie c i l i a t iun 
ia also uniCoxm it the peri|*icry o£ d»e iaaalloe in n«vittat»fi^ 
ytiile ais(x»ntiniiea in |L*l&[^iyi <^ ^^  ^ ^^ ^^  interni|>tJk»n ai 
non->cili^ted sup:7ortinf| cel ls* The c i l i a of 8y|»ix»rtljnij and 
receptor c e l l s in M»vittatuB and M.*S!JkMA "^ ^^  altnost e j^tMl 
in sise* in both ^^yir^ttttus and a^stiama the supporting ce l l s 
are distributed on the free d is ta l siurface ^f the lamellae and 
they al ternate with %iy olfactory vwiiclos* the si«i£»rting 
ce l l s of yt*v^^tatt^ and M>*S&klMJk ^s^ proximally followed by 
the transit ionary si^^portingi cslls« an advanced stage of basal 
ce l l s l^ Miding to the formation of c i l i a ted sm;^portin9 cells* 
The supporting ce l l s are reiiortedly devoid of c i l i a 
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^ li^tmtflT'* f f l f i i a (Oooding* I9i3) and yi%^ J o ^ 
(cl«MfMi agiA tk»viiig[« 1969) • Zn glyiieliflua and a i f roaf i^ 
inst««4 of i t tim tmn surfttcw of thm* co i l s boar « mstmll 
ntnikMir of irrogylar mloiovilli* Tbo mioxovilli in ttio oi^^ottitig 
co l l s aro also r«|iortod by aanniotor (196S)/nioio«ii (19?a)« 
%oislc« (1974)# '^ «iis)c« S& Jti* Il9te)* tho laiccoviUi hovo m 
oriontatlon giarallel to tho ^ i c o l siirCaco and €om what aay 
bo c a i l ^ a tocminal wob(11)oi9on# 1972)« 0|ha ana Kapoor 
C 1973c) beliovo tiiat liico tho QAlia# oicxoirilli incroaao th© 
tmm ourfaco oi tho aimmrting colla# 2» tho pcosant otu9y no 
8uQh tnierovilli ago aoon in any of tSm fiaheo unOor invooti* 
<iation* 
.tccordina to iioll (196S) tho non-«iliatod otpiiorting 
collo ioolato tho cooc^toso tyfidl oontributo to tho motaholiom 
bot%«oon olfactory ^^itheliua «md bload^ n^oroaii tt^ ci l iatod 
t;i^ 90 til<ijfa a colo in tho aiatriHotioin of miieuo on tho i^itholial 
•urfaoo* Ho alao agirood i«ith i?*l^insi9 (1926«1927) ofiini»n 
that tho c i l iary activity of tho olfactory opif^ioliim hol^ i^a 
to croato tho wator currant thrauglh tho olfactory cJhantoiMr* 
Do liavanao (19«0) au^joatoa that aupiiorting oollo may ho 
innolvod in tho poreaption of tho sonao of olfaction* nut 
Kafwor and OJha C1974) dia not a9r«o with tho viowa of 
Do I«ofiin«»(l940)« Tho proaont author agrooo with t^ io vioira of 
Kapeop and ojha <1974) imA aim i^iooto that aug^porting colla 
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ao mat p#riofiA t^e Ctsiotion of roeoptlofi* but t ^ y pcovl44i 
« 9ood iMcli«fiic«l «ti9P9rt to tlift <i«fiarit^ of tho evciptor 
c * l l s ktt^lng tii«M in on <Mr@ot position tor r«o«iviii9 tiM 
ol.£«otocy •«ri8atliOn« 
I:YI0 tranan^cmatlon of ttipporting col ls into 9»t>i«t oolXo 
was oboorvod i n t«aboy f9'^^*^ (OJha and K4|xx9r« t973e) ana 
C^an^^ pufK^at^ff <Kip>Qr ana Oiha« 1974} • Xn tho proaont 
study a f«i# av^iportii^ oolia aro tr^wiafocmoa into mtxmm 
socroti i^ ^ b l o t ooiia in §*aSJaM» »»tanimincaci ana ^»vitta^ufi# 
TtM tranaitionary sta^jos of au|^ ^x>rtl4r)g oal is aro obaervoci 
in tha r)>co3cifaai on^ aiiaaie ragtions of tho iamoiiao ofi lU.ton»a%c|3 |^. 
wnilo in ^»etiaaa ana f<»vittqit|^ua audi stagoa aro obsotvaa in 
tim a i a t a i ana ciia$3l,«i rations of tDi» la{aoiios« 
i'^art Seam nutritionaX andl €K:£!r^ l03c aoos'etoiry functions 
(itouiton ar^ S 3ol^l.@r# i967f iort!!iar« i972a) ttie aupnorting 
coi ls pcQivido Q fsMK '^ianioal sup^r t to tho soaisozy osi is 
(Bortaar* i972b) ana the i r o i i i a oontributo in tho cireuiation 
of muQus mi6 «#atar C3ortaiar« i972bf £|tfvin^ ana Thc»iirtiason«i977| 
iltfvinj MkJ^A* 1977}* Lator Kaiioor ana Ojha (1974) stti^joatoa 
tliat ai;>art from thoir supporting function* tho stid^porting 
oal ls in tbo olfactory apitholiua havo basn assignsa a xolo 
of sserotion ana isol^^tion of roo^tor oolls* But on tho otiisr 
hana« tho i^oa about tho aooretory naturs of aiii?porting osXls 
has boan oontradictaa by oorobtsoif ana Shacafioniio (19S2> 
ana ciarabtaoff <1953)« soma of tho oi l ia toa supporting oolls 
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^ ^•SMIlMBSSUk ^'^ tiofi»cili it4id mvip;?atting o i l i s In M.vlt tatus and 
f«atlJta^B arm ei i^l i«d with aucipacouo oytoplaam* Mtticti 
on Hiuaiparouei act ivi ty <ire oc»nverl^ Kl into socrcrtiory £lui!iS# 
that J« Ducii0« t^ nd thusi ultiriiv^tely thm av^^njottSnty a&ll^ are 
oonvertoa into ^blctt oaiis . fi«ie«i}tly« Qjha and Ki^oorC l973o} 
and Kai^ Dor and ujha (1974) rc )^Oirto«i tho mucipaioiMs act iv i ty of 
at«>porting aellQ in ||#aaa iSMM and ^IMUm 2MR9^ i<tMi* 
ttio proacmoQ o£ niwoiiajonjiu© jr<jnul<af3 in tlie aipjiortinj 
oBlla aS fiohoo liaa lonj iyrma ir® or toJ by :t>^Kfoi (1337)* 'ilKa 
oocsrotary fltiid tir jr<in«ioo in tJtm ompriortina oeile af 
<3i£eermit anl i j lo Uavo lioon iw.sortod Jjy L® iisss v3itii3c (mA 
^J3rwiai( 1946) t niooQ (1DS4U ^•araa-Dto ^ ^ » (19&&), PriocSi 
C1967) cn^ MOi£i!ort(19(^>l Jhi iu oUturo ro.JOfftoGi o_«3©ifiio 
:.'iix:E>id socrotJlon in t^ KS3(:i<Jhieff®r» I332f acise , I965i 
•irondteli>Jin, 1970) • 
\ia.mdant <1979) rciiorted tho rco^ptor a# l l s ooiiKii 
uniCoxialy di»triJ3Ut«id in tho olfactory €^ith9lium of Cbliaa 
fafqjti^H* £^ter« in ^ung ^mm mi%,Mmm (^{^Bdni and 
xhMi« 19)J0) i t i s oi»3orv@4l thdt tJtm raca^itor o»lX« aro alaaoat 
unifoimly aoattaradf £)iit in adult a^aeiaiana ttmy ara gxoiipad 
like tlK>sa ofi taata UiKia* liimil x arrang«!iant i s n^x>rtad i>y 
sin^ (1972) in Mmlm lamxJiim* mmy»^vi saassllA <Mnd 
BUblft JliClft* «*^ ^«^^ «3^ Hakatnura (1944) in Thiamy obaaua* 
lalyulcina i ^ ^ « (19^) and v^atsiato and iMda (1977) raportad 
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that t iM ••naory mlmmnf mtm not uniioimiy diatrlbiiMMI* iTi« 
prwaiit author oi>9«xv»d th«t tim distr ibution of rooaptor 
ooiia vwti<m in a i l four fiahea undar invaatigation di^pNfidifi9 
tipon tha natura o£ tua oifactocy apithaiiue* 
1^) ttfloptpffitt ^asiainflki tha rae^ to r ca l ia ara not 
oonfinod to .mf aona but they ara irca^ulariy diatributad in 
tho baoai and 0i«»^rting aomt* thay tira prcisant itom i^xoiclwal 
to tho laidaio r ^ l o n of tho tmmXl&* Zn Qarv^raf. iiawaup tha 
raoaiitor calXa &xm protant i u i t abova tha baaai aona* but tha 
oaa^i cmll» ara alao founa to ba intacitiingiaa with tha aanaory 
cal is* fho rcia%^tor oaila of lUtyif^l^nck^ and p»a<yaaua ara 
r!i@aha»aiC3lly pcotootcid by aup^rtJUn^ oal la* Thoaa aansory 
caXla in thoa« two Cie^oa ara dooj»iy anibiMMod &&nQing th&ix 
dandrit€»i to the froo d ia ta i aurfaoa at irragfuiar intorvaia 
in botwaon tha o i i ia tad ai%>portin^ cai ia* In lisSQiA M^i^MA 
tha rooag»tor ca i ia ara aKAbaddad in tha avpporting aona* ^ a 
raoas»tor c<0lia swm pftmrnnt from i»xoa£inai to tha middlo ration 
of tbe ianai ia only* Tha oonatimt, invar iabl* ai«nrations «Md 
dapraaalona on tha 9an«Hral surf aoi of the ^iamaiiaa of JL*ASJaBUI 
i s a uniniua foatufa «fhich incr^aaa tha aurfaea for tha raoaptlon 
o€ olfactory aanao* tha raoa^^tort ara aoeuaulatad in tha 
d«praa«iona« siiojaetiiig into tha intariamoilar apaoaa by 
oifaiotory e i i i a« and thus aiiowina oaay oontaet of raea^tiona 
with ifat«r which ia eiroulating through tha intar ianai lar 
^aoaa* Thaa« r^eafitora ar« inaoiutad and aupportad by non* 
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«ili«%*S SMpportifig o«ia.«# wliil* Vtm alop*!! of th« l«MiiM 
Qf ooapris«A of eiliatod a^pportifig «wlis afiA devoid of 
roooptor eoil«* 2n jliESSuM ifittatiy tlM mieop^r eollo oso 
not iniiojnnly diotrlbutod anions tiw eiiiatoa and non»oiXiatod 
9«pportUfi9 ooilo, living oitiiotoa m> diffoiront doptho in tho 
olfactory opitholiiM* 
ik»l% {],96S) roporiod tiio ttP&» of roeoptor ool3.«# « 
cod and a apindio in £ilfi|Gt* '^^ spincllo xoooptor wao oboorvod 
in ali toiooato otodied liy hiM, Mhiio fod mam Somd oniy ^ 
SSSWmmm IwiMIWmiillilliiWl w «HMHH» J M U M U M I JUMMNM* j S R U t JHHUWHK'jyKUn'KUaBKKMk 
alal&ffifia ®n« l^daM S2Ji^ MI* aanniotor (i9*5> doicrliioa • variation 
of tlio coooptor mofpliology in f|iftjt|HW ot^ xiwm* and »t;^joot«a 
that tsm two tysK^ Ot i*o*« spindio and xod« rtaspwrntmat di€£«r«nt 
ontoa^metioai etayNiisi* i\ouording to Barmistor (1,9&SI and «4oulton 
and e«idi@r (i9&7) thoy aro variations o€ ono typo oaiaoad liy 
tiijfht sweating of tho ooiia* Bmstimt <i972b) doooribod tho rod 
and i^»indie roo^tors to hm wmll d«iV«ios»od in ooa trout* tho 
author daes not obtorvo tho rod oh^ i^ pod roo«^toro in tho 
olfoetory opithoiim in fiohoo undor invoatigatian «nd io of tho 
opinion that oooli voo^itoro oro ^ o oharoctorioticw of tho 
ttorine fiohoo ohiOh indiooto hi^h oonoitivity with roopoot 
to oifoctory Mhoviour ooeouao rod u^^ pod roeo^wir ooiio oro 
ooomoniy found in hi^hor vortobrotoo* 
Mo(tovor# tho oifootory opithoiiuo of w«vitto^ua «nd 
£*MISM ^* roprooontod by %MO typoo of roonptor ooilo# nanoiy 
193 
primary nrnmanm^ mta apindlm ohj^ Md cwooptoxv* xn »^ »vit<^ a<:uff^  
th« i^indl« BhQpoA r«c«ptor9 j re nie^iy aiatribijt«d igom 
ptoxlmaj. to middlQ r<9gion o£ th«r l<wM»lia» TtMry ara vanting 
in th« d ia ta i rogion* •?» the othtxr hoxid^ the primary neuzonas 
0C« pre«<»it in tim h i a ta l .^ ina 'tildaici rcKjionti o£ tiMi iai!HilXa# 
tand rarely present in tlm pvonim&l rajian as itfelX* In C*^ af!t<9riy 
both typosaf rsccr^^torai are int^ctiiinjicid am! ununiforsaiy 
distributcki tliix>y#i out the alfa«3tary e titheliua* 2n tUfitfaftt^ 
«3«<3 ^ i*^eg«ningfei the ,?rli-» iry neuiranes atQ tfm ^nlf reoeptore 
'^roatmt in t!i@ olfactory ei>itliHS»iii»i« 
Tho o:>intllQ £ariiiQ«3# cjoniaal and «>lutinar receptor® 
have ixHsn doiiorib;ja in Si^mi ,mA fso^ia by Coateilo < 3.956} # 
Dogiel ( isae)* Jaya^iiiolti ( i9ai) and lor r i i (lii93)« Vinniicov 
(1956) re«3ortc«3 tms raseiitor t-^«^ in a nustber o£ Q£>Qoi8a« 
..^joKliiij tQ !»in rod racqptors are -lor© oxatian than flaslc 
st'iapoi re€i4i^ >tore# »^ ixticulitrly i,n 'tunHeys* ^^ auiiaweC l9*iS} 
reporte?.! f^ Jur rose^tor t^ pwse in aog« *hcj o^inaie <md rod 
cm«ii>edi rooeptore aleo mmm to be present in KtiMiCKolsaer, 19Sr7>« 
itie prioiary n^isgon<m and spindle eh^ped r3C«ptore of 
H.vittiatMe and C^smmxf are in(3i^ p«»t(S«Kit structiaree mnd there 
esciet no eynaptie ortntact betwe<M thete two tyg»ca of receptors* 
This i s in &<ocot^ams% with the finain<|8 of ottoson (1963)« 
YaiMBioto ^ $t^» (196S)« Houlton and '3eiaier (1967)« Kleerekoper 
(1969>« aresiedei end Hetcalf {1911}, ilildebrend (1974)« HehiiMini & 
jchan (1980) elio stated that in fishee and a l l other vertebrates* 
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tls« mmtm of th« oi faotory vamptogm mit§taXi»H syiiiipwi i«itli 
thm aenairites of »itraJL amlla oitlif a£t@r r^adiing t lw oJlfao&axy 
t>titb» theco l»®ifig no 9fR«iy^ s9 witHin ttio o l factory «pit l i# l i i» i 
i t a# l f * On tt i i t t ba3ie# Ki^»r^K»p0r Cl9i t } sti.jgest# ttis o l faetory 
ojpgiafi o£ vert«^rat.eMi to t>o t i io ?no8t pitimltlv® mrnng Hhm rooo^tom 
»DJk^ has r«»ain€d ma££ocit®il i i f g»lif2o^ r«^ n@tiU$ €Mwag&» i n i t s 
p s r i ^ ^ r a l oi^aniaatloti* 
rioiy3v©r# tli# stifdTies o£ iiiip»or and ajhs Clt7ao«19l4> 
and Oiha ana Ki^oor Cl0t3«) i n j^i^HHIft 'j.MBat«^u« and if^>f^ 
j S i i M # r®ai»aotiv@l3r# i^mxtltf tim doaon^ary n®«iJeon«» i n 
addition i » r^rimac^ ones ana th® a^ntSritie imas of ^e i i&smot 
syms'^® iMim ttio a3«c»nal m%!M of tho i a t to r n i tHin tlio ol£actorf 
0^ith@JLitei* At iastir ttm anions o f tHA a^ Ksondsurif notseon^^ p&m& 
out o£ t^© t>a®«ic»}t- mm^rcem m^ oontril>tjto to th® £a>smation 
o£ ^msn&l<m of olgaatoey i$Mrw»# Ttim» i n thmt® two ilBh&» t^io 
mmv^ of tho priiaorf noitsonoi^ ao not: €%taia m mi iisdQp'm^mit 
@ittiian% toi^ardai tl io iSM s^o^ iafit f^%^i^n@* .-'^qorains to ^opoor una 
Oihd Ci$74>« "t l i« n!Oi|3lioio«|iaQi pictudm o£ thm oX€&&ti»«f 
€|iittioiiura a^'ciilaHio to-aair# ^@ oocsonaacy noucono «i>(iia lioirtt 
«««ii to i^parontly oorrc^gaona to a i i i i t ra i oo i l ana i t s a3«»n 
to « •ooondary oifwstonr fii>je« «^ic^ oontrU^utes to ttm 
IOfai«.ition o£ %fm o l factory truet*** th» pro^^nt autnor tkhinks 
t l i4t i% tony i»o «h« ctiar«ct«riotia9 o€ oomii £ i ^ a « to !>• having 
tho s y n ^ t i e oontaot ootitoen prim^iry mnS oooonaary n«iifon«» 
wi th in tho o i f aetory a^ithsiium* i^r*ov«r« aaaonaary nomonoa 
ac« not tmgottn^ im t3i» ultra«#tn>»turA]i studios o€ tit* f liAi 
oif4Ctdnr <ipitli0Jl4uii l»f th«is«n (19721* 24»i#<9 and i%m:S^m6 
il91%}0 Z^Ukm gkMk^^^97i^^ and "tmmmto m& y»i« (1977}* 
'.ih«3ttM»r t^ doo3»riary neueono® tiopo oonfiimia to €ew fishes 
Cimiqii 8ss»s tmli3c93Ly} or thsir obosrvatioiis i s a pffsssi^ 
vstion ^sfcaet tis^ i^s iurt^^tt acriftifty* 
llvs ^india ^ a^psd coosptooi of i^»v|.tfef(|^ cifiS £*Jfl3IBIi 
oeiirrssiiofKl to ttm mioaM^c^ tm^mino® o£ kSkS^ fiilUyi COJtis 
3»a K«ip!mt0 i973«) ond ISiioai ptgystat,^ (K^oor and Oitis* 
1974 )# but tl^y ars ii^ «ip«Hridcin% ©tirv^ stiures* 4^ l)o c^mn® of 
^>rlii-iry n i^aroncs and s^indi® «rt3|>^ r^s^tam a:;t><»}il s^amt^ly 
to s^n^aoc tfiti) t^ tijs d^iaritie m^a of mitirai colls of %fm 
olCaotoiTf ^uli»« "^ 1^ 09 i s na si^ rrioptic <a>n%a!3t % i^t:)in tJ^ o 
ol0aatory @,9ith@liiia« 
Xo t*32Alt^ a&3at»ii*Mff 1 Wt4 ana £*JSISSi& ipwior r^x^fi«i can 
h» aiQ9n in tlio alf sctory Qi>ith@liua t^ i^ sa as»fi@ ana dom^rites 
af varyifig lon i^tti :.>xoi#e% out mS dmfmlop intci fullf m^um tmm^ 
ofiss# and tnsjf srs ai€£drwiti<A^«d €fO!a tA« l»as l^ osll8» i^ his i s 
in agf«sr»^ int witu ths iindici^* oi arasi^si ontil i40tQal£( 197l> 
YiAio st«itsd that mw nouconus ariso thcotslh dUEsr^nti^ion 
o£ ths iMMsl «:slls sna pQstul«t« %hst« *noif s^ sans i^yld 
rmmSh ths btilh aoA tistahlish nmt syni$»tio a;}&td£:ts %ihiis 
ol4 n«iifon@s ana old qontscts trtitst n^ioosssrily bs rsgilsostf*'* 
Ana sinos« seosnSing to ti%mmm tfodcors* ttis l>ssttl oslls ditimt^ 
sntists into ths olf l^otory rsesptor osUs« i t i s obvious that 
J9C 
traiMitioii*! 9tmg— in th* aiff«f«fitl«tiofi of tlM cwo^ptor 
Oftlls e«n b« otMMWvtf in th« o],fi«otory •pithnliun at Miy 
<liv«n tlmn* 
Ratmani wnd miMi (1980) r«|iort«d th« pcvoanon c£ •wnaory 
otiln in tiMi tfapraesiona on tho fr«» distal aurf ac^ of tna 
XaataUa in Jililiii ^aatyainaiia* Xn ff^ taMninokl aaoli ianaiia 
ia oliaaevaci to Tern providad with one or t%io 9|9«eif io out-
^3itomth», called aa'suDty^ranoes"tthioh obviotsaiy inoroaaa tha 
aurfaoa of tha oifaetory «g»ithaii(ai» Xn oontraat to fiaiwiani 
and f^an <i9ao> tha praaant author obaacvad that tha raoaptora 
ara dCMo@iBio<3atad in (Oia pf»tiiharanoaa« 
Biootxon micKoaoopio attidiaa t>y Janniatar (t9es)« 
Wiiaon and loatdxmann CI967)« lliaiaan (1972), Saiaka SSk Sk* 
(I9t6)# rmroai that thare are ^lo typaa of racaptor oalia# 
oiiiatad mnA tnl^ rDVilloua* 'Xha isaripharai out growtha of tha 
oifaetory oaiia tarminata in pin Xiim thidiafiin^a carrying 
ona or taora hairt (cilia) of oignlfieaitly osiallar aiaa than 
tha oiiiatad atrtictiiraa on tha at^ pporting ealla* tha aanaory 
haira or ai l ia ara ohaarvad to ha in oonatant taoinM«nt# lihioh 
diifaia al^nifieantly from tha wo^mimi^ of tha ei l ia of at«por* 
ting aalla* Aoo»riiag to vinnDwv (IftS) tha e i l ia of tha 
raoaptor ealla ara tha i«ain alananta of parQi^ itlon* thay ara 
antanna of aanvory oalla and thair Ruannaaanta ara diraotad in 
aaaroh and laeation of odoranta* 
Jagodaviaici (1901)« Vinnikov (1956)* TriMillo Canos(l9M)« 
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Bvonshtoin Cl963# 1965) # 8annidt«r (196S}« Kltmt^»»gmr (1969) 
raportad in fishes and cyolostooMM* and vandsr t3triciit(i909U 
lA Ofloa CUfk ana wacwicsk (I946}« aioom (i9S4)« IMi Uixmnm 
( i t s t ) , Ottoaon il9e3>« ?%«e9e Ci96S}* Frisai (i9ft7)« i^oulton 
ana n«iai«r (1967) in other ifdrtebrato«« that the distal t l y 
of the dendrite of the receptor oeli swells into an olfactory 
vesicle %fhieh hears olfactory hairs* 
^h 9ar^si|U^ aiiratuy the e i l i a and miccovilli ore present 
on Uie 9a^m recos»tor ce l l as rci^rted uy »9ilaon and s^ ostorniann 
(1967)» 
^ Btpti^em^ the dendrite esctends from the distal surface 
of nuoioi of prii^ory neurone* traverses thxough the i^ iiaoosa* and 
ultimately ends in o hottl «^aped structure* celled olfactory 
ve^ialei0 idiic^ io de^ly thursted in the st|?porting sane of 
the olfactory epitheliun* ihe olfactory vesicles alternate 
to ^ie non-ciliated sugi^ iorting cells* The distal free end ^ 
of olfactory vesicle bears c i l i s ^miidi project into the inter* 
iaisiellar i^aoes* 
the <MMndrite of the spindle shaped reo«^tors of rt«yitttus 
swells 4MA ends in a *v* shi^ed olfactory vesicle* while that of 
primary neucone posseeses the shape of e cup of wine lying 
eratoedded in the svtpportiiig sens* The distal ends of the vesieles 
stygjort sensory hairs or olfactory c i l ia* The olfactory vesicles 
of primary neurones and spindle reoeptors are sltemated to 
ciliated and non»ciliated si«»pof%in9 cells* 
198 
foxmatioit 4« not. ••«n* Zii»t«adi» th« tttfrnin*! muS^ot d^«tfritft« 
of primftry iMiiiiofHM of E*lSUllOSi4 ^"^ primacy n«uBon«« and 
•pindlo stii^ fMid c«e«ptor« of £«J9QtSlft <*3C^<*nA oa •udi v|pto tarn ! » • 
•tirf«es«« t!i« ajUit«l midUi of i^icfi •i«^pof% attnaofy haira* ^ilm 
a faw of ttm primary naufonaa of tlMi hiatal, cwglon of UMI 
lodiaUa of £«A9QS2ft poaaaaa a o««» tHagmA olfaetocy wa ie l * * 
aooantly* ar*isi«ilai ( i97|) i%x>xtiea «hat nouconoa in 
tSm olfactory apithalitai «ay &o jkiinaA tog«thar at i^»aeifio 
polnta through apaelalisad oontaota* Zn tho praaant atioSy of 
fil»vf^tatma* ^^fft^^f* »^H^ atamJ^ tca^ l ami C*aanaua no aiK^ aooti* 
tauiatlon of fieueonea ia obaarvod* m mil the fi#i«a ao far 
stii9i#ii,tha roci^tor col la are olioenraci aa ixySim^mnSmit unit* 
th« praaant author ^ e a not flndl nilccovllloi» raoe^tor oalla 
In tha four fiahaa* 
Saiaka g^ AJL^ Cl^ f^ty reportad that mloxovilll aro ahortar 
than oi l ia* Pravioualy i t waa praatxsact tJ)at tha micxovilloiMi 
raoaptor ealla ara davaXopmantal atagaa of tha oiliatad 
raoap«or oalla* atit« aanniatar (!»«$)« thaiaan (19t2), Holl 
(1973) ana gaiaka f | ,<|j^ »li97ft) oonaiaaraa mieiovillouo ealla 
aa 4iffaran^, haaio rao«[^tor typaa baeauaa no tranaiUonal 
atagaa mf l^tml in than* 
ttyi# raaaonabla to aasiaia ^lat tha raoii^tor aita l iaa 
on tha ^ I f aotory e i l ia anA iiiierc»villi« ainoa thaaa ara %ha 
f iraVPOlnta of oontaeta with odoioua ^aolaaulaa* Tha tuiorovilll 
// / 
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mnA c i l i a mmf piobabiy inar««s« tbm r«eaptor «£• • o€ t l i * 
•mmowf c« i l« «fidl thus h«ips i n tMitt«r tf^tootiofi o£ t i i * 
olf*otoiry • t lmu i i * 
tlie ps#8«nt oufchor af ter •tiidying E'^CldlcIlM' &*A&ISBft« 
C*ft«fuf and ff»t—Miiii^i agx«aa to th« viana of Haiir^iiia 
afli ^•il9§>9i ^Atf> atatod that ttta oifaotory rocMptora in 
4i f forant fiatiaa and avao tha oaiia of tha aj^ithaliut of ona 
f ish d i f f a r in aiaa# nitnbar and atructtira of oiXia whifili 
pxobabiy raf laota i^ia functional hetaxoganaity of tha aanaory 
oalia* 
Racantiy# 'iammato aiKft Uada (l^liy lay scanning ai^ iMstfon 
niioroaaopy hava idanti f iad four typaa of raoaptor cai ia on 
ttm b&»iM of tha aurfa ;^!® spooialization* ill l%ie f i r a t typa 
t>aaf« 10»3^ ra iat ive iy long c i i i a on a widbt and f i a t ourfaoa* 
A i i tha c i i i a of tli io t:y|»a ara ineiinod in tha nmm diraction 
ovar a wida ranga of tha a^itiiaiitm* i t i ia i a caXiad typa i 
c i i ia tad caii*(i*at'er thay addad that tha c i i i a of typa i 
e i i i a tad o a i i may na motiia and i t taigtit Tarn aaaociatad with 
tha airottiation of f lu id Isattiaan tha laniallaa) C2> 'fypa 2 
c i i i a tad c a l l haa 8 to 12 ahort c i l i a whicli paojact rad ia l ly 
ffoa tha round aprnt of tha c a l l * C 3) Tha th i rd typa haa only 
a t u f t of a hundrad or mora fsiicsovilli out no c i l i a thua# i t 
i a callad m micioYilloua c a l l * (4) tha fourth i a rod c a l l 
which doaa not hava any c i l i a or m ic iov i l l i and i t a api«al 
and peotrudaa •m a aimpla rod £xom tha ap i tha l ia l aurfaca* 
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mix uliaildr to t^p* t oil.i«t«a <mXX but cti^y li«v« i«9«ra«3 
this <i«ll Is0 l3« non^tmiidiry* xeaiUcoir* and Iigd« Cl977> Umm 
<3«13.s iMieauoo ^Amn tkm Q%t9m*0Vf nmrvm i« tr«n««ot«d only' 
QOlI *ma xoA cmtl wmmim tsioff^it»d* *mim pwotvmm tsUat t^ rp* & 
0ilist<id «#2i« ar« not cao^ear emllm* 
ay fecaaaoto m>$ V9&» iWff»%3W a - f ) * fi«wiirtli®i€Hi9# t l ^ pre-
t<» ^19 r©o«ptor «#ll,« of H#fc»itaiii<^ and g*^yie^« l^niiofii 
mtd ©fnc^xonoua boatlJi^ of madH ioag o i i i a C£««t«i a gmitlm 
tlmi of watttr ov®ir «m& in ib^ twoiMi «lia liMi«ill,a* utiidli ia a 
naoaaaory pcaraqtiiaita for «fiiel^iife aataoUcm of ciiaralfial 
atlmuli* 
In a l l tha iwjrialira%«i« iiaa% aiaova ttia baaaMant ami»tmm 
tha baaal csalia af« praawit# oosiipying ^la loiiar lagion of tlia 
olfactory ais>i^iaUiia(Alliaoii« 19S3y araaladai* 19fti#i9««i 
AAdraa^ 19i4f rriao^« 19«t| wiiaon 4»id ^aatafmami* 19»tf 
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<9«iii« mnA Doirif>9, lM9f Singh* 1972| D«<rit«3fii«,UI72t 8«rtiR«r« 
1972 c^i^ ojiin snd K«i}oor« 1973ei fCiixior and ojiia* 1974| 
Hara* 197S| %«4«ktt j j | Aiisi«^ V< l^ Yanivsoto and lled«« i977f 
nahRMfii and iChaiit 1900)* 1TICMI« e«l.l« dr« <»aifi«»Miu,«t«id 
and ^iv« rl9* %& «tip$>art&ing ooila {(«3]siar#1927f S€haji^f«r« 
1932f Ooidiart 19M| ojha and iCai»or« |973o}« or too rvKsoptor 
caUa (Andr«a« i9M«i9«9f Thomhill, |970| arasiwioi and 
H«tealf« 1971)« or to both ti^ea of o«ll« Ci^ rtmar* 1972 bi 
H«ra# 197S )• 
TiMi iiaaal oalla mx9 prasant Just abova tha baaera^nt 
ifiwiii»ran« fosming a oaaal aeona in tha fiahaa imdar iniiaotigationi 
a^rtwifi l£JbtBft« ^^ '^ tupi yi^ttatua^ Oarv^raa a<^aiia and Haloato^f^ 
SSBBitSSlSJLm* "^tiara ia a t i^cSe aggravation of basal oaiXa idiieti 
focRta a oomianaoa baaal aona in H t^aaiaifK^^* In a^atioMa and 
E*JdUltSJi(Mil oniy a ain^la row oS Oaaai oaila Im preaant at tha 
pfXKKifliai 'onsim of tha aiii»^rting eaila* cma or tmo IO*MI of 
Oaaai oaiia ara ohaarvad in £«JdniUI* ^«^v f rasi^ u^ QRt aiatri%N>» 
tion ii^ tha atipfiarting aona ia aiao mmn in £*JMDSI1R whieh 
indioat^ thair paaaiisia traaaioiination into aifppacting oaiia* 
»*. »^.iu««., M^ .« ^x o-i. i. .M. - - « « - m 
«ha.4i|fWtofy apitHaUun of ti.viafcaa>ia.|>yHimi nUllltHlill "^^  
^JtOptt* '^^0 *^M author* a findinga ara in iina nitti thoaa 
of iC6lfliar (X927)«5dhaaffar(i932) and Ooidiar CI9M> i*io hava 
at'i^ tad %jniik thof <»ra additionai or ystngar foma of av^porting 
o i l ia i^ltiah oiay uitiaataiy rag>laoa tha iattar in tha olfactory 
^ 
ith^iivii* thia oontradieta tha opinion of j^anta and Malta|lNia 
2:) 2 
(i9tO)« «fho« on %im otiier h^^nd, contend that bao^ cmlXm 
aavM not po#ai)»ly <|i¥Q r l«o to si^ifKartin^ eoll«« and thoy 
aro ftifttologioally and cytolo^icaliy ralatad to tuo par i^ 
i^K^mi ^ i t l i ^ l i a l ismltm ooiNuriUftg tiKi alfaotovy rmrwa £aaoicniM.« 
The basal c9Us tj^^ intrt£!!iin«jlad with Uie r^o^tor amllm 
^ H>t^,tain<^ m^d C»f^ oiiciua uhiott in., iaatoa the i r tranafofmation 
into ireeoptor oQlia* Xn lUtaaniinoki tim baaai aon@ i a intom^ytiMl 
St iJlueaa ^ tlve aoapiy aitutat^w: n^ioiQi body of <^MI primary 
nm»CDn^« no^m o£ tho l^iaal amXl& i n ^ i *y i t t f t t» * ^ttaiaainc^f 
<3f^  ^•Jffiiilli *^^ ^ i te f t t i f iod a» ^ri^aary nsui^naa i^oaring 
ti^mdritiis of varyto? iori'^ ftha imd a attort acsvin wiiicft e^tonda 
t:|>to the baoaicf^ n)C :^»rane« talnnani ana Khm il^BO) ubaarvoa 
ira^iuent raltoaia in triQ r^a^ai a^ils st^jjiiating t^iot t^ioy waro 
»@ady £off the fatniJtIaa o£ other o»l.l typ^a* ^Hio prm'f^it author 
i a 3£ tlia opiR^n U)at ^@ £»a9«il oal la can l>@ traenaCastiiau into 
oQtH rooiptor and supporti^^ oaila in a l l tli© four fiia^aa 
un l^ar invaati9<itlon« i«a« 4*v i t t^ t i i f . ^ ' l y A i * S&*JI!Sltlift <^ >*^  
H w r m a i l (1970) and iraaiadai ana ^otoalCC 1971), uaing 
t r i t i a t « d thynidina £ollowad oy autoradlo^r^^y* hava raoantly 
attMii^aa to ahow tiiat S>aaal oalla of «ha olfactory a p i t h a l i m 
alao <Sitfaca»tiata into olfaotory nattconaa# t^ioli ara oontir* 
nually caplaoad during l i i a * 
ttm baaal oalla in li*JWiiflSiUk ^va obaarvad to hava a 
tandanoy of flowing} in any dirootion* 'Xtm aooimulation of thaaa 
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e«i].» ooctirs in sudh regions in a iairg* nw&mr vnioh uruMurgo 
* pzoemfta of transtocmation into othar oolXular oomponanta 
of tha o l f aofeory ^^iUialitm* thaaa CDUKI poaaibXy ba aacving 
aa caaarvoira (ojfha and Ki^ K>or« 1973 o) and ava twiaandouBlir 
affaetad Iby tha (Migration of gobXat oaiia wDoaa thaea oeoi|»y 
iacgar araaa of oXtmskory apithaiiua* Thia taaulta in tim 
diaplacsamant of goblat oal la to flow in any dieaotion iaading 
to tha fosmation of pxotubaranoaa on tha yanaral aurfaoa of 
tha olfactory apithaliuR of M'Jmitl!)^^* 
Tha muqipafotiB baaal oalla ara oltaarvad for f^ia f i r a t 
tiraa in tha olfactoiry apit^halium of M»vittatiMi« The baaal 
col la of atic^ typa aira obaarvad in tha )«oxinial ro^iona of 
tha i«aal3.att,«mila their middle and d i a t i l regions are devoid 
of thaaa oal la* tlio citA3%»axoiia haaal oal la ara ricHly granu* 
latad t imt p&sm thsougt) tha oyaiio mlyiratlon from ^aaol to 
au|}porting aomi in tha pea laratian of tha foxmation of ooo^lt^ta 
goblat oal la* Thus,thaaa cal ls ara obaarvad i n tha iosmativa 
stage in tim baaal aana* 
Tha citiboidal baaal ca l ls in i^#irittattp at tha d ia ta l 
t ipa of tha »iddla and postarior lamallaa undar^o a pracaas 
of mai|;>hoganasis# aithar aactruding daad oal la or dataohing 
a piaoa of raund Itnialla in tha i ao i of *oa l l ball*** l^tmaioua 
SHipty gablat ea l la i»cat at a point and alloit tha diataishmant 
of c a l l b a l l * thm d ia ta l anda of tha ni4dla and poati^rJor 
lamallaa of tha roaatta ara obaarvad aintinuoual^ diacfharging 
tha e a l l bal ia tihicti ara ut i l iaad by othar iMial iaa aaVtha 
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«AAitlonal Bvim^lf of JlonMiliiur o»nt«n%« i««Sifm to thoir 
•longatlofi or sottlos on tho floor of olfaetorsr opitiioliuni 
«o foc» « iMNi i«MoiX«o« £h«ao o t l l tmllm ar* atiypXiod with 
a l l ttM living oaiiuiar oontant«« inciuding rich aivply 
ol! iMiaai oaiia nhicli rsay transtoxai ttiaao f ragpn^nta into 
o^r^iato iamaiia* Sueli t^pa o€ eai i balia sra Mantif iad 
toe Vb» f i rs t tima by tlia praaant auttior* 
"Zlia baaai ealia ae* alao praaant in tno apithaliua of 
aooaaaory a»c &>ctAing a iias^i at>na« !)»• I>aaal coiia «ira alao 
:}raaQnt in thm rapl^ of ?t*vi^tatua and m*»tiammm ttm i»aaai 
oaila ara tow^ antaniiaa in ttia o^tmaetiira tiaataa of cantral 
^tm of iaaaiXa in a i i tha £oiir fiahaa undar sttiay* 
tha raost» seoicatit^ goblet oaiia as# praaant in ttia 
oifaotory i^ittiaiitis of BfiSl2M ^^iJf»^* Jxa&M vi^t^^ffl and 
•ftltfflfiHH taataineaii^ i>tit thajf ara feotaliy abaant in csf^ rytiaraf 
jtOIMft* ^ • v * oalla ara aiatiribiitod acaong tha ai^^rt ing oaila 
and ara an important oaiiitlar oc»^»nant of tha olfactory 
apithaiiim* Tha g^ ia t csaiia axo pr^iant in tha oif aotory 
apithaiiiM of fillflSft ^^«*"** (Ktibiaitf itft2)« iHioifcinua ffhaMiitpi 
(•anniatar« ifiS}« SBBSUOSOSUSSiM (s*f<»iff«r* i9t3)« Ji l l f t 
(Bartmar* i973a«li#o)« f^fty^^ip laaaariua md JlBJUbH StiUJSt, 
(jiiogh# itt2)# iiidMl iByClilft Af^ lAJUiiflllA (iMvitayna^ 1972)« 
% f j ^ ffpl^!^ (OJha and Kapoor^  1973e), StUtlOA QMnf^ fcua 
(xapaor and ojha« 1974)* on tha othor hand« tha olfactory 
• ~ o f^j 
j^lfjai^ ltti&lldlQS31i (R i^eMmi an«S Kti«fi« 1990) AT* d«w»lia of 
i|oblefe Qmll9* 
sioll C19ft$) jmpoirtttd tatiouti emlltt In lx»tl) iiidif£«r«fit 
«Hna Mnaory ^ i tnsl i tm o£ -''^ flilig- eapwsially In the>«« plaoMi 
«^ «r«» stoondiury lisMiilaA ooaur* rsocDiaar (1972 a«t») in f^ ajeao. 
alflo ^tsKl tHitt^  ii«%uff« mwi%m owlls 1JI« In ttm @%mim9» ae»n«« 
^poaially in tsm ixi^iifieeint «pifel3«lii»« but #x« sl90 «ott« 
ttAfiiS in ^ # mmsogf ^^itheliua* 
Oiha ana K^ewr U973c) mj&etM& ^ „|>^ M>. MiMiA fet» 
pcfiRsifciess og dUQtxs aoor^tinri gablet oello not only on the ietum 
tamt&m of ^ # aifaotorf ^itii«liygi but aloo in th& &s9^&t 
aon«is o£ niasosia* ^i^:iiliir to tli«i f inaii^t o€ ojha and ic«p$x»jr 
(19730) tti« ^^ lo t oell» in ?4»¥itt^u» «tf« riohly aitttriimtttd 
in tiiNt al£iictory ^it!it«litiB undl oan Im a^a«cv0^ at «ny €^ptli# 
av«n in tiMi d«dp«r xo^lans o£ rauodsa* 
^n &«JSIiiflffiA ^ ^ g@i>l<it oftll» litt ^aong ttM fe«« «tir£«cNi 
of th« olf «o«ory «i>ith«liiMi« 11i«y mtm oimmt^mi At l^ is 4l«tiil 
trngit^n of tiM l4f»«ll«# thoygH tlMir fr«q[CMnt ippMirinao OMI 
bo oaon in «Ho midtdlo ro^ion «• woll • K«poor anft 
ojiM (1974 ) oloo «opotiMi4l ttio ooQurroneo of «ho 9oi»lo% 
eollo «t tho froo ourfooo of tho olfactory opitholiiM in 
mnHUI JSMttiSUllUft* ® ^ i l ^ ' finding io alao g9pi»t^»A in 
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auttnl surfaxsA of thm oifaciory apitftttXitn though thtty asm 
dico otMi»xv«d in «li« sviiportlng aoiM* 
Zn hXglmr V9rt«bratas tli* 9lfi«etory i^ittMlivni i s kttpt 
moist tsy seerotian of tlvi Bowsa^ m** giands (Aiiiaon* 19S3)« 
^08« glands am sisssnt in £ish«8 (Miison i9S3, /HiiaobrantS* 
1914)# tiow«fV0r« aooosding to thsm «!»• unicolluiar mucus os i i s 
^rtotm ttis fuTKStion of Hoisiian's ijisod in fii^os* 
Xn air-brsattiing vertsbratss# ttis s t^ra-^i ths i i s i taueus 
iayor dissoXvim ths pajcrtioles to t>s s»sil«3 aoA nai^ss «n#sy 
ths niatorial tti«Kt has alr##ay iMi^ ri d«i;sctod so tliat fresh 
saca^lc^ o£ air «an i>s extmintnA 0!iiasbran«l# 1974)* Zn fishss 
thoro io (¥> nmna for dissolution of tits laatoriai t» i»o datcctsd 
bacaujsQ i t i s already in liquid Sotm &n6 ths oon^tant flow of 
«rater washss away ths saatarial that has b@efi datactod* Thsraforo^ 
%im pr@8€»ioa of las^ gia nuisibsr of fouous c e l l s in the olfactory 
epithelium of some fishes could be i^lained by the fact that 
aupre*s^ithelial musus layer foxms Uie real iboundary for the 
water floif in the olfao^ry orgaoC^^ii^e <g^ gl«0 1976) • iHm 
statement of i\ndr^s (l9tS} that in fii^es« Uie free eurfeoe 
of the reo^t^^r ce l l s i s directly rinssd by the water flew, i s 
not oorroct (^ e^itfke sSkMk** l^''*)* j^ ucus layer piohably heists 
in smooth flow of water in the olfactory chamber* Rosen and 
Oemiord (1^71) in same fishes found that tiMi slJiiie(nuous) 
hee a reraarlcable cag>aeity to decrease greatly the friction 
\ 
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of «idt«r* In t h * Paeif le 9«irr«3iiaa* for mmnpl9, lOm £rict ion 
o£ wAtrnt doctoaBm* by «• mucsh «• 6S«9 per oan%* 
ttm piMi3«ncse o€ ^ool^t a i i l s in t h * siclii of most f i«H«s 
(M|ii«aitar« i970l« anphiliians (Facquhar and PaJl«S«« I96S} MVS 
aqtittJUs snaltos (Uanorjoo Mid i l i t t a l^ 1978) indloatcMi that 
^iioua 4n aocao way or Oktlwur^  i « dof in i to iy asaoolatod with 
tha aquatie ^otSa of U f a * '^im aaaooiation i a to .ninimiae 
tha f r ic t ion I>at9raan tha oniaai dody and »atar« Mid thiia# to 
increi^a tha moMii ty of tha ani;nai# or to ineraasa tha smooth 
floif of water inaJ^a tha oifaotory i:!h«K^ bar mtd protact tha 
aenaory a^jitholitm fcoa <3iroot af£aot of watar f r ic t ion in 
fishes • 
Th® go'^lot c^lla ara wonting in ttia oifaotory e> i t^a l i i » 
^£ C«Qanaua* £n t^ta aboonca of tAtxnm aacroting <jpblot coiia# 
cha mucus i s aearotod £»y aupporttog oai la* tUaaj^^koK3rCl9(^}^ 
Thoisan (1973)« Braipohl ^ §3^*^1913)0 oiha and K^ioor (i973o) 
and i^^aani and Khan (1930) raportai tha pcoduetion of ououa 
2:r|f ati^^iortingr coiia# in addition to tjo^lat oai ia* baeratory 
^ranuiaa or f i u i ( ^ hava buan dascriiaod in tha ooiumnar 
aiqpfiorting cai ia of tha oifaotory <i^ithaiiunv in dif£ar@nt 
anisnala toy La aros Clarfc and ^arwidc (19^J# SIOOM | 1 9 5 4 ) « 
yflMumoto sSt jJL*(19ft&)« rriacsH (19«7) «a)d ; ia i fart (1966)* 
tha olfactory i^ithalija of Sf^tyittatiy i s wall a i f^ l iad 
with goblat ca l ls* Thay j ra uniCoxmly distrihiitad among tha 
aupporting cal la and tha dandrit ic pvocaaaas of tha roo^tor 
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Qvlla in tLli« fofa of mar^in^ or statlan^ry 90DI0IL ooiXtt« 
DMI tal^atory tondoAoy o£ tho <jot>l«% oolls in tho ol€«o«ory 
«pith«Xl«M in tioll oisoonroci* This 4o aii» to tiio fiwt tii«t 
tttoy «iiE« pKodiKMa fiwa ft%fo iicit«rQKMi# one by th% %r«n«ioi»ation 
on atipportin'^ <!ell«» and 900»RS ii>ir aiislp^Kiiift ^attol ooilo* 
tn tHo latter ca«o« ^ M mtcipdiDua b«oai oolls iiro tratweommd 
into ^blot ooiis onS vtUSmggo & :iiigratas^ c:^i« €fom basal 
«ono to tH') fre^ diiital atirfaoo oi: ti%o olfactory cq?itholi«ii# 
itflKipj at last t^eir musva is i^scshnirgad* 
dniy tiio @tvitlon«»ry goi>l^ ooixs aro iirosimt in ttio 
olfiaotosy ^ i t l ie l ios oS "'IffiffllfK^I und i|*^||j^||i* *lhoir frequent 
air»@araooe in ixith tuo £ieiio8 can bo ^usti in yio si^^portifigi 
ssno 33 woll# s i^jgv'9tiUi-i that thane OOII0 ax« a result o€ 
tx«:)na£o&fmt.ion of etipfportinvj ccilla* i i i ls is in a^ res^ ^^ aot with 
tli«i fifitSinjii o£ .k>o (193SI yiys ^ mBOtUm^i th@ i»M«t oall ais a 
;m»difiou ooltt>in«ii]r tti|,%ioirt;yig oolll* '^km tr:m»itiu)nairy atogFOs 
of Um oolnmar »titp»^st.jUi^  cells ace dbsemed in the olfactory 
eiiitheliissi o€ l»j£bliagid«E*JlS3li2SlUk ^»3 ia«2l|Sdll«« ^ « ^ 
peoo<Ni0 of trisnsfioriainqf into ^joblot oelle* 
the pceeont eiAitor Hmt QlmalilmA the ^ b l e t eelle into 
tee oat<agorieet CD the etPlenary 9»i»let eelle %rmm§etmmA 
tpf the •u^poxtlag oelle* end CS) the ^O^r^ttory 9^1et oelle 
tx^anefox«ied lay the muoi^ ecouo baeel cells urttioti iindef<90 e 
oyelio taigretion ffon heeal to eur^ierting eone* 
the Qohlet eelle of &*l|JkS||i« iffi«yitf%ye mM | | * j y n y a M 
ace an esqEMtfuSed apioal endl* f i l led with pale dv^lete of wnolii* 
2Q9 
I ts tMMUl «fid oaliiiAlfw « ooa^roes«<l nuclotis ami a aeaall 
ataoimt o£ dtiM^Xy «taifiing oytsoplaflm* 
^bl.«fe c«l.io o€ varying siiap^o and niz<m in diCCarant ptia^Bs 
of aaertory sK:tivity In tha olfactory ^pithaliixa* in tha 
pmamA atu^y tha atijpa o£ tha gojiiot osiia in B»atiaB^. 
l>vi^tgttai osiS il«fai^%cfaci otioi^ gvisat variation* £n ^•at^ataa 
lO^ aao celXa hava an oi»»l4 theoa^ niiiio in H»vittatipi tJia 
marginal «Qp&l<it coiia poaseaa a xsatmd tli^ acia atxl tfia migratory 
onoa an ovai^ thaoa* the gol>Xct cdlla of tl.*vlttatiie^ onSk £• 
<f^ 4lfa^ are nc^ic^o cm6 opcan diroctly lay on oc^ ^^ rtiire cit 
t£iio €rao our£aod o£ yKn oie«»3«ory c^it!)aiiix!i in tim intar* 
iaraaliar a i^oeea* in l,U%er:!'.iiffq]teA the < i^>l,ot Qoiia pay have a 
gotmd or on ovoid t^acii* .loatly tt»aaa eaiia are noc t^ioaa Sm 
t-iio £i8h« Out a tmt of thorn i^ ra ohaorvaa to ixt ^^rovida^ with 
'n H i^apaa^n^^ tita tai^ratlon o£ tlta .joi>lGt oalia along 
¥ith thair aubaaquant incraaaa in tiKi aiaa of thaea in tha 
talddila of olfactory apithalitM oausa tha ciiaplaaamant of 
baaal calls imioh ara foroad to flow in any diraotlon raaulting 
in tha formation of ^rotubarancaa* tha bultjif^j atructuraa from 
tha ganaral aurfaea o€ th« olfactory as^lthaliun* oovioiaaly* 
thoaa pretubarunoaa inoroaaa tha starfaoa of tha olfactory 
i^ithaliua* TMO or threa goblet oalla ara ohaarvad at tha 
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mtxxmm distftl t ip o£ tint pfotub«r«Hio<Ni» 
TUm iojpmation o£ pxotuiioraffieos in HtJUmmineaeA^  tJhm 
appoarancm of tauoipacouA l>a««i ca l l s in tt*vitt«ttMi* and th« 
dif f«x«ntiation of got»i@t emXlm into atationary and migr** 
torjf anas ara tha uniqtia f JUicSings of tna praaont raaaarcti 
Tim goblet c^lla of B*fitiqnia* Hi»vi,l^ t^ tiifi &aA Hotataainc^ 
diacharga thair iiiuei» alowly at the irao atirfaoa of tha o l -
factory apitfialiuni in tlia intorI<i»Millar apaeaa* Aftar dia* 
char^Jbig t3nm uhola o€ the .iuQua« tlsa ga/hXe^ oalla ac« aMp^ poi^ ed 
to tm doad anA thair thaoa hmxmcm m|>ty« 'Shm flow of baaal 
calla may ba poa^ijbla in ttia ampty apace of thaoa* 
Dcfvito^a (1972) Q^Qv%fQ(i aoundanoo of goblet calla in 
tha t ^ marina opacio«(<Mm WSJSSiM ^^ nd Jl^Hmm, SmasmU 
vftiila auch cMilla ware raraly praai»nt in freah watar toim 
(tot^ |ofc^>* though thc»Ni thraa speoiaa belong to ana fataily 
Oadidaa« Pcota thaita olKiarvutiona ho concludad that tha praatnnae 
of tjp&lat calla may ha aasunMM to ha a diatinctive adi^tation 
to marina l i f a &nS thm aacration of goblet calla may ba aaateiad 
in aotaa way to protaota tha racoption o£ olfaotorily activai 
aiftiat^ mcaa in aalt watar* Bartmor C1972 c#d) oontradictad 
x>avitayna*a (1972) opinion bacauao ha ohaarvad gooiet calla in 
tha parr# asiolt and adult tamt of salmon §sti&L StOHS&M* ^^ -^ * 
fotaid that ioniatura aalnon mi^rataa to tha aaa# mnA aftar 
a fan yoars whan i t baooniaa adult i t again tai^rataa bacHc to 
tin* frMiti i»at«r ior ttpmming* it ttm 9Q»bJl«t ottllm atm tlw 
<Sistinci;ivtt aai^>t«tl0fi o£ tiMi marine phas* of Xiim «h«fi th«y 
liould hav» tMNifi «iMM>nt in p«rr and •laol.t and ptrcniant onlsr i n 
th« iftajtina iiAiaaa of aalioon's i i f « * 'ftm ptim<mt author alao 
ao«a not a9f«« with tho viawa of D@vitayna (1972) and £«¥Oiira 
Oartmar Cl972c^d} S a^eaustt in tha prasant atudy gobiat cai ia 
aro obaarvad in tha €ixmh ti^var f iirt)as« n^^taiy 9»tttiagia^ l|« 
y^ttatm^ and alao in tha qseatio £iali |i*&||Sil!lsSyk* 
Vinnikov (i96S} and Fiiyishina ( i 9 7 i ) thlidt that tha 
catnua iayar plaira iQ»i ootiva cola i n tho rooop>tlon o£ oifaatb»ry 
a®nsaa* Thia oouid iaa ::)xt>vad by tha prt^sanoa of abundant 
ooblat eal lo in l«abat^ . £Eiyi&ii (Oitia and K€^ ?oor« i973 o)« 
.CUS^M, Hfflm^lfeM Cttapoor and ojho, 1974) Wfiic^ ^aseaa h i ^ 
sanait ivi ty to olfactory b^aviour* 'itm pcaa^it findinga aiao 
jua t i fy tha opinion of Vinnikov <196S) and i^iiyuahina ( i 9 7 i ) 
^^ 8«»tfqr«a and r4»vi,ttiitya aca pxovidad wittih a <QP^ number 
of 9obic9t ottiia and show a vary aetjto aanaa of arii^ll,* 
Tha praawit author i a of tha viav that gobiat ca l ia in 
tha olfactory cipithaliiiii may probajly inoraaaa tha olfactory 
aanaitivijty and csapaoity of ^im aanaory oal la* 
A fair 99blat oalla ara praaant in tha at^^iajory aao of 
li'JUBilllSS^* ^y^* (1900) au^^aatad that acK:aaaory naaal aaoa 
parfocm ant i ra ly a aacrctory function i n f l a t fiahaa* thay 
produca ;atioua rmidti playa sm it^portant cola in olaaning tha 
naaal mmtm, Kai^ingi i t a aanaory ap i tha l i in i n a haalthy 
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tt«n»itiv9 cDndition* cmA httlps in £»ri{iglng oaorifttjeous 
matttffial* into a stat* of •olutJon faiM>uri£»i« to tHolr 
full, roeDgnition* iho proMnt nutlior augaast* that tlw 
oloanini of ttM iai]i«21,<i» i» ^$m ^t tS^ muciMi ««Geiit4i^  bf 
the 90bi«t an^or st«)porting e«ll«* tbo gol>l«t ooli* pnwant 
111 tlHi 4|>itlMiiltiii Of aoo««»9ry s^o <io not t ^ « mtis^  part ifi 
oicNtfiin^ tti« olfactory X^emllBm* Tna aueua aocrota^i l»y tlia 
^ : 2 i ^ oalla of tlia aoa^sory aao halpa to <»ind tli« ^ieioa-
oopie d«bria into Xar^ a i>artieia«« n^ioti on foreaf ul i»spulaion 
o£ «rdt«r upon oioainy of the i^utti oouia i»e aaaiiy aiocteJ out* 
OJtia «snd Xapoor (19?3e) raportad ^ b i a t oalia in tha 
t^jtiM mnA tha c«tf)trai coca o£ tiMi i^saaiia* in tha peasant 
9%VAY tiia ^ b l a t calia >3it9 aisaant in tha oantrai oar a and 
ri^ha in ^•mSam» E*,lAl1fe§^ m a»^ U*,S«l,lPffM (r«^« i« 
anticoly ab8«nt>« ai^ilor to tha £if^inga of ilahraani &aA 
i^an (19^) in <^ nabjMi taattiiifiaua* 
flM CuTKStioR Of tha pitpiant oaiXa In fiili oifaction ia 
not 9vSk%^ HtncMMi* i t aaawe that ai^t^« amali and haaring a i l 
twiviXtf^ pigmant for propar parltotmanoa of thair rao«g t^ar oaiia 
(Ailiaaa^ i9$3)* l% ia aignifioant that alhino animaia in 
wii4^ tiia, oif aetory pignant ia lacking ara partieulariy 
lial^ia ,toi poiaoning(^iiaan« i9S3>* Kaiytitina fH^ ,^»{if<») 
thifiM 'i^x thara ia a raiationahip batwaaw tha intanaity of 
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oolour of th* oximetry «l»itii«l,iti» «nd tim •«ft»itiirity 
o£ tSm organ of MI«11.| ^ « a«x)(«r th» fl|»it}i«l,iii» th« hi^ior 
tiMi ammlti'vXty* »ildQ3br«nd(1974> al«o l«na« •vgpog% to this 
vl«i* by «tatln9 that olgpiant may anhano* olfaetlon in mam 
unicnown may* 
In Um pemmit study UM pigment o«2ts aeo Cotnd to 
be acattojwKl in th* r^ p^he of m^mmiSma,* ^ « pi^iwnt 
sh«atti i0 al9o oba«inmd in the 4ais;»ith<iXii«i of aosossory oao 
iiri<ftqtua are <}(ivoid of auch type of cel ls* 
0€nrit«yna (1972) on the basis of ooniparativo study of 
thcee aadbi(3 fishes ooiK;iuae<3 that *ths j^ii^^ntation of the 
oifaotory plates (loraollae) i s a featutre pe a^ooios i^ith a 
roauseJ olfaotory function** In s^eaiyiua a^cwaaa mycaesoys 
ttiypijnt ce l l s are peeswit in the litaella but suedi ce l l s ax«i 
absent in the other t%K» i?<idoids# igS^ Xia%^ and pa^ if^  tipghua* 
Hie pirjiiaiont ce l l s are ^irasent in the accesi^iry &<m of 
li*lmii@JbQ£S2l4 ^ i e ^ i« ^ .Aivjiottsat* R^ htii<iJOi (1979) also n ^ r t e d 
such ce l l s In the olfactory lanwilla of Oolisfi fes^ i^a t^uf and 
Hand us «^ qlf^ u| t^ich turn micfosfiiat* ilut this does not mean that 
the piii^ent isells are only present in the olfaotory organs of 
^aicxosdiiitic ss»eci«3s as sy^^ested by j^evitsyna (19721* iitere 
are nunisirous mtm^limg nhere highly macrosmatio «q;»eoies 
contain o^ j^siiimt ce l l s in their olfactory or^an* 'Xhe pigment 
ce l l s ar<^  reported in the alfaotory liaaiella of wa^iaao jiyuii 
/ 
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(ojHa ana K«poor« 1972} wtiieh Xm m maatommt.Ui apmaSMm* 
Ttm pi^<mt cmll9 ore olMKinreri by tiMi prMtont •utiv»r in 
tti* olfactory organ of Si^SikkBA ^^^<^ i^ « foaecosiiafc* 
Thua« i t io QonoiutSad tsy tli* 9r«a«nt author that tha s»raa«fi^ e 
of pigmifsNnt oalla oiay pKohably be relatfiid to tJia incroaa«d 
olfactory b^aviour* 
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l i l E f t i k & l 
'IlMi a^oeplioicigy <»t tlift olfactory org4Bi« af two I INMII 
wator fi9li«i lHii«it.iM ¥ i t . f t t i | * l^ jt^ iy^ ytiawial mnA two «at»tJMe 
iimmm (flSlSiSaift SSa^JsglU^ OorKdoraf jSffi||Q|i> tiaa iMrait 
^sorli»Qd* l>etaii®i stuajUis a£ tlio affdtiitiKitoaia putteim* 
o£ thQ oil€MS<tory £«>s«rt»t4i« tlK* diiaestsiry lmmX%&ii» n^w two 
tiOMsA por^Sf t^ be aae9«ifl^ »rif «W3 anrl tDe louius oC trat^r eiUp» 
c!iil<itloii in th« olfactory c^ amtsor hsAMi tman studied* IS^OQH" 
logieal oci«ff ioiaits are aatctilatdd ttf tuo niatlio^ m»& %tm 
dtm^MmMfi ^ thaaa id«thodi» nava iMtan pointa^i out* ^caovar# 
a«tuiiI;iM hiato logical studiaa &i olfactory coaattxa of 
^f'ttifanif ll*JEliS&tlM. ^'i*^ S'JBKISSli ^*^ ol€aetory roaafcta 
aiMl aoeaaaory aae of M»t^aw«iiig^ liava ]»aafi doiM* 
/ 
/ 
1% la oi»a«nra^ ^ a l l %IMI fetir ai»aoiaa tfoat tiia olfactory 
oitaiiitoar ooeingiiaa a oonatant andl f iiMid poaition witli ragasd 
to tha l»oaaa of ttw Mittll# tmiMig lodg^ in a iiolloir in tha 
attmaid^ i^tiiaan i ta fointa of artiotaatlon witli tha jpalatimi 
an^ i'^  laaryHal ISOIMMI* Tina olfaetory diaaibar of aaoti f i # i 
jriooiiiiifiieataa atitaida i>y two naaal oi^ aninga# antarlor naaal 
21G 
and | i « H a i | g s ^ ^ ^ anterior &p«ming i« to una ana tyb«l^ur# 
«^il« in f - t l l gn i i t i s lx»tfia«d by a a i s t ino t iy fbimcd li|># 
t)i« postttrioir mavf in o£ wtiic^ ia comtiniaaua iritD Ui« nasoi 
f i«i»« a tKKxS l ik« atryi3tvi£«« th® tulwiar opening aoii nasai 
€ i ^ clefidofe m&fv tamatd9 tho Ulterior 'joem* tki oorroXatlon 
i s £outia i>sti#iian tlis i^rsssno^ o£ ttabuiisr oponin^ onS th« 
fi^sroBmatio natuc^ of tha fish* 
A ^c^^it vaei^sllktf in ths (siss* shJi|i«i Mirt strtxsttirs 
of tlio s>c>sit®rl0ir cK^strii i a o^^Sfi^iKl. m ii*2jyy&l&M# B'SUoas 
<m6 li*S^SB3M^k ^^ ^® oval, tt^hiid in C*^sn^^s^ ia seuicir* 
aular* A pdrt of tXw rsastt® p««i2>3 firoia t h i s opaning in 
p»0ticyn^ JIKS £»i^2il^* ' ^^ :3oat®rloff os»0nin:j9 o€ a l l th® 
four filgicM am devoid o£ 12 valvs* 
"Xli® sha.:i@ aC tti® m s s t t a ia s i thor ovai(a#gtfyafi)* 
o r ®la»'iataa (ritvjLfctati^)^ ^s ^luaar^jalar {|i» tentiin^c^) 
a r 'oaetle sh<apaa C£*^ i@SISj|^ } • *^^^ ? r^l^tijnsHip iss ^stal»lisli@di 
bstwean th<9 8fia<;)S j^ £ tUs ]R»satts andi ttis olCacstory faculty 
s>f the £iah* T«iidh^Mun*a (19S4) olassif ication in th i s 
iretjixd ia §o%md arxonaoiM* 
Tha no^bar o£ lottiollaa in aaon vosatta of ?f«vittattis 
i s 36«>S2# £*lliSByi 24»K># ^»^an;ioiinc^i 5*7 ana C»ai^aufi 
7*0 • St i s au£i9«*tad that, nmimt oS lacsallaa incraaaaa with 
a oorrsspsntSing increaaa in tha siaa o£ tlia fish* ant i t i s 
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n&t ft s tr ic t rule and i t not olM(«fw«i i» mvmrg otmmt tm 
tlion iMittMMii th« fsuilMir of 1«HMIII.«* md ttM • ! « • of «h« f iili* 
£*JilliE«u ^^ *^« l»3aayMj4 At aiiwia of it# uawaiy ti» 
£i^i«» ill imicti %hm t^tm i« |»reii«tit po»a«sa watm maSamt Q§ 
l»«ll«k« and tho adN!litio» of fi«if lomQUao 9tKivm a t|r9iit«r 
ii}cra«s« in t^9iv nmltmr attring tlM ^xism^ of th« fi«li «• 
ax!^ax«(S to turn r9glh9mlmmm iiaHmm* 
>^3 .i,*ij&lflflt <^^ i«aiiil.ii i« p]Kivi«3«a witb ^l^vatlons and 
<!^«iii}02on8 %^ *i<^  r^t only incrskaite tl)« ^UK$(I«^ djr@a of tlv* 
oi£^:jt9ffy Q i^tDftiiugi but &lmi minissiiam the didtancse of tim 
is^^tlrnmlXmi 0p&a»» in oetfor to aia)£« tlio c i i i « on tSm turn 
walla ii3t#ir£0ro witli oa<^ otiier* SuoH type of lixiolla iritli 
ito rnudk pxomJMMfit und <30fi«t«fit «i«vAtloiia unS a^fttsalons 
hm not b«<Mi r«^rt«a »o far* 
n^ tf*jty^^^"^ • ^ ^ ^iil^iii9 stnit^turtt are <s«v«lo9iid 
to ut i l i se th* irid« inturiamollar ^>«MI« ammmn turn ImmXlam* 
9iieii 8tnictiar«tt ti«v« iKit IMMHI ao«oril»«£l •» far in fitli«« and 
«e« nmimA t>y tiMi i»r«0«nt autnor • • "pxiot«l»«rafioM** 
tlM «oa«ftMiry n««aki «ao«# namctly liiar^iftal onA «tiiN»lD» 
4«l# «!• <i«iwlop«(S III many €i«h«« to iac i l i ta t* th» nAxmrn* 
latiMi of it«t«r in tlie olf aiitoiry oii«ib«r» Xn tlM proMMit 
•ttifiy ofiiy iaerynftl •ma i s ptmmat in ||*IJmllliM* ^^ 1** 
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dMrwoAtS o f moommorf naaal sue** 
The ojqpandloti anK) «»i^r089ioi i o£ t tM dcosaaory SMW 
o r a r t oon t fo l loa txf the riiovam^iite o£ th« Jans* ih«Mi U i * 
8dC0 a m @^afx3Qd« a siaotlonal fdrae i a or^at«: l asidt i r«t«r 
i® 91K9C0J if i» n«D&l^  th@ir o»c^r99alafi ffoaults i n t l io o jec t i o t i 
o€ viat«r« fiurin^i mxmaJi r^ssi^iiratory i^xyvac^onta t im <3c»fitrli>u!tiein 
o£ t l jo ac^Qsaofif saeca JLn waiter aiI^3lli.3tll»n i s not miKsh and 
thus tb@ lioiti i ie o£ tM® ©as® i@ d i i ' . , ^2y cSt^igcia* i-lapdmal 
«3iat«m8l0fi >)£ ti)«i mamimrf @iic 4@ Ijotisii^ii® anl:sf *«^ )«in t$t# 
i istt oinmti i t s immh tullfg &t isiutmcm* dtsritij Qn^r^im§ 
^'i I*tittafci3fi» | |*JSUtei ^^'^ j»*JfiK!S3tt ^'^^ ^a ter cur rant 
i d areata J I ^ 'Sili^fff aotiaxi t() trsffis.iort %»ater thxou:^ the 
Qlii^atQKV oir^jiin* '£1-iii0« th@30 Siah^s ore piacMNd mdear laDa»nat<» 
4V0vts^ o£ £i«hOd* ' t i l l ® lUfjentiiftiac^ f a i l s tina«r a^^ iomate 
gcotu|> ^bcKzaij^ o i t xmmi Qili>dry as iK^ eilX as .^ in^ in^ a c t i v i t y o f 
tho aoo«»S£»ory I3I<K» iSar th# t r a n r ^ r t a t i o n o f matmr msxxttm 
tno o l f a c t o r y cti^ii>or« 
Vim ptevmmi^ autl ior a m t r a d i c t a i^fving j ^ jj j^* ( i t 7 7 ) 
and !) lving Mid THOfa^ iSSMWi C1977) mnA sti^vjaats t h a t no oor ro -
i4 t lo f t •sciata b<it«iaf«i tho pgtmmiom o f v« i f t iby la and g a l i a r y 
and tha 4akmmKs« o f aooaasory aaaat* |t*jSy|siui ^oi<3ih i a iaoaRiat«« 
2in 
to l)l^in9 i>a^  'XhaiiiKMmoii*8 el.asiaifi€t<atlofi} po»0«Nia«0 taotn 
g&llmrf Mid v«iiitibyl« atong with tim aaomfmatf sacw* 
a x]niciir@«tlcifi3l Blmi ai m^tmt tw&m mntmri&r to pooterlojt 
aitoctlofi t}4» iKiofi sMr«:^ oa«d* I t i9 otKtotvwi in •«oti ofi tho 
i^ur fii^®s that iiat#r «int<ir« t^txoii:;^ ttie antorlor o^ e^ning 
i^ id aK|)9iii out via tho poot«irJor one, irrcispoctivo of ardlil^ 
tocstural. di£f3c^iQ3s of thm tm> n&a^X op^tiin^js* 
;ii0t0io;jicaily, tlio altmsti^tf or^ituoiiuii of f«*yitteafcty« 
t!io baiii«3 v0iErt6^ratii pi^i* 'idttik ailiattta mid nan-^iiatoa 
@il?:30irtiRa eaiic! affo prasont in t»i |»toa o«a 'd^MU&MSim^ 
td$iil@ only oiiiotod <3»a3 in B'SSUUMsSsJk ^^ ^•M^i^M* 
llm ci£)oidal oii^^cfeioj oeils oso p«os«it in ttio ^soeaaojy 
t^m s&c&ptor ooila «iiro irnigiiiariy Sistriistjtod mwS 
atM^ly ttttSMtddoJ in B*§^BM ^^^'^ il*^<fc^t^yi^i» £n ^•sydiaa ^ ^ 
roo^jtor cello or pxIm^Mef fMiOfonoo asm oonotntroted in tuo 
(M»K^&$mm ooinj mtomtoglotl vitH cho non»ailiat«a mv(erportixif§ 
oollo* In .4«yit%^ttMi utta £«jiEyiUi« tuo t^cw o€ foocsHtoro av» 
pr«sfont« primary notaeonos &gt4 npinaio ohapodi aroottptors, trtiioh 
<if« jyodhi^ gyondont otructuroo 4«idl tuoro oiscioto no ajrnoptie 
oontaot ootwoon thoao roooptoro* ^ « i»roi3ont aiitl«>« oojjooto 
ttiat i t $aay pfobaoly m th« diaroctoriatics o€ aomo fiilMNi 
2.:o 
to tm hawifm tho eyno^io ooint^ K^^  bottMan pwimmey Mt& stfoondary 
nomxinM within tlw alilaetoiy «^it)Miiiia* Tim rooi^tor o«lI« 
niro trantingi in t!i9 aooitsi^ry d«iQ of H i^iOilllSSSyfc* 
'Sim ' ^b io t «9liil m&li pt^mrniit ifi H«t«ain i^B^3|^ ^ JI*J|li£liA 
^**^ ^s*vittatty, ^^lil® absont in £«JBSB3Sltt* '^ *^ pxcswit. aullior 
has cinsdifiieia i^ i«3Si<x coi ls iiifbo tM3 cat®'jDri«8| (1) th* 
atatiDnarsr gpblat coii® tem\Biogsmd bf tho 9^p»irtif)9 ceii8« 
end (St]f til® ui^ffatorir <pMa% e^i is tx'ijnsiCois- t^^  by the miaci^ ' 
pamus bastal coi la ^ihioti PABS t h x o t ^ a c^ l i « : migratioii 
fTctjn liasai t o 0t^£i@?tif)g @ao0« In tH® al^ sdtiaQ ol ^ b i ^ ^ c^iin 
^ ^•I^HSIIi^ mticm i s 3iK$xi3t@J t>7 dijpiiortinti oeiis* £t i s 
aua^iostcsa tSi.it yasaiot cioil© in t2i® olfactory ©"litteliim s^ tay 
p&3^ha^:i%y Jjntoi^asa t l » olCajt^rf soiioitivitf oM Q&^aQitf o£ 
til© s^taory c©il©» !\ €<m tp^l'Jt c^lla ore oa®®rv©d in th« 
i^saao lory a?io of ||*.|smliPJ|i«> 
th@ Q^M^il €@ii@ .»r® observed ts> l»© tranafofmingr into 
ixitii 3t|i:icirtin>i ana rao#ptar oai is in a l l t!i« four €ii^ <i38« 
turn mitsipai»ti8 '^mml ooils lt4VO iMion oi»<i«rvod for ths f i r« t 
t i»« in tiMi oifactory o^ittioiiuai af E*£il£yilJft* 'HUMMI ooii* 
ax« rloHiy ^ranuiatod aend a t i a s t ^let triMUitovracNl into • 
oo^ io to 90bl«t ooli* 
^ H*toaital»<!^ tho basai ooiiti Hmm tsm toiMSonoy to 
f io«f in mf dicoetion ie«fainc| to tho Cosm ^ tion ol! psotiiMr* 
anoo* which inoro«»« tti« otarf aoo o£ oifi*oto«y %>itlioli%M* 
pn ^  
.(^, 
4M»di of l>«xtidl.iaA* «s a ffoault of K»cpho |^oneals» Hava «iiio i»««n 
otHMYVAvi ^ r th» €ir»% tli^ M* TIMIMI oftil i»al].o 9i^ MMr Join «#ith 
thtt ai3iii6«nt la^oila l^^imi to i t s elong-aitiont ar o«tti« on 
clwt floor of the oifc»3rtocy «pitl^iii«i to S&xm m tmm lot^ Htiia* 
itMi t^ it^ -^ ioit o»li3 9X9 pr<m^g%t in mm msmiam>rf iiac of 
<:utQffi%2ati 4ina in rufpiiA of ta*j^ ti<jjitaK fno present autrior 
oinclixMs that tho pr^mmm of pi^nsnt oaila r^ ay pfo23^iy b« 
£i»X-it»d to t$m ix^tm&md oif<»3tocif i^ aliavioiir* 
Tito br«in topo^ ira^ tiy jrov^ais timt tti« oXtmstxirf i>tiil> i s 
o€ pe^ uEKiulatft type in j^»3^ %yia n^a J«yittaiftna (tim i^lfactory 
liyibs ax^ attae^ f^id Mith @i© olfactory K>o®tta> ot^ soasiio 
t'^ KJ ifi S»iJM^aa ^^ tl*^r.iif|3ly| {tuo 3>iill30 air© <3ttadio^ 
««itii tHo foc«»!>r3inl* 
i t i s obs@r i^3 tSiat tiisre i s sia Qot:ml>j.t$an imtwmmi t^tm 
l>«K3yiK3iiljto or soujiio olfacstorir '-^xiiXm am3 tlio sensitivity of 
oif^c^lon* i-kymevm:^ m «3k9finits rsiatlansiiit^ assists ije^ i^ficHn tho 
siss of t,fm lobos andi asstsnt of oifactors or visual fwsuity* 
Ills mi-::ro«ii..tie fialioa p»s39S@ aaali oi£a>3tory bulb «ind ansuiii 
iaiam but i s x ^ optie lo£>s« tiliiis itiaqsofn^t* umm jyit ths 
rsvscss a»wlition* 
ths Qosiogical oosfiieisnt or tlis arsa of ths oi^aetory 
i^ittisiitas «s « iMrosnta^s of ths ^ras of thm rstins Has bssn 
csiooiatsd lyy Umldtmmn*^ r^ iStHod (1954)* itis d^fssiaions snd 
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«3.«vatl0tui 0f JvJtJMyM "^'^  ^ * pcotiiMrafiCMMi of H^ f^tta i^ffat^  
h«vo boetn c ;^x>rt«c} j^r tiio f i r» t t l m in tho prQ»«f^ f«9»arel) 
««ofl(« thoy incriMriM tii« eiurfiKM area o€ tJit ol£«Q«ocy «,9itli«« 
Htm* nm, T«ic3i{{tafin Itas <|iiNm no aanaidrntrntion to smoandeatf 
ImmllMt, »^leK»r lsm&ll@& t»t a»y other el^imsktmd or i^algliig 
striKAur^a («*y* el^watlons anJ aopr9®alans« i»r»tiltMir«nocM) # 
jind ao ttte olSactorr or^a r^iains dma>l<l o i a u ^ atructuroa* 
tl)%»* jaf^itlmr rti^ ttiod .^ copaa^J is^ f .^.^aoni and ^i»t (1931) w«s 
o^ptod to <3iiiciilcita t l ^ <K»2o9ic£il> a»®££4ci«fit by tiiicif}^ 
th& relative l^sgths o£ t«l«ms«^alcifi an(3 ni^ Mmottptiiaan as 
i^ar^iaetors* otib oocotctlin-j ta U i^m one drmt'^^mSs. la ei@^ 3:HJiat®.< 
wit^ tl^i© paraic^^- also * i t is i%>t tvXly itpplia^l® i» later* 
al ly oaipCQ®cjO'J fiiohca (o»ati^ ^a^> ana tiac^ally €latt;@«€(C2 cikulls 
(r}>ifittat^ua) whor.; tfte I J I J ^ a i jht in;aroasd 1« v^itsoiatoral 
diro^isn an.; th® Icmgit!) of tli«i lob^ MJU#it not r©£l€K3t t^ @ 
ttniei allxmctric gnx^ r^t^ * Ciisv@nai#li^ s« a fa i r ly cairrQcst aoat^ation 
re0.iedlAg n%@ olfactory o^>acity o£ tlM m^^jekm® can bo .a^a 
i jy » ty^y in ' ' | th<t twa ..'i>itJif3<l»« 
^ ll^v^ttdttua tlio cil£«ie«ory faotalty a^d olfiMStory loliee 
ard jrssater a^wolop^J thmi th® optiaal faoulty at«3 aptie Ip^m 
r(uip«<3tiv«ly* l l iw* i t io a tK»0O«iiflh(m«jOfO^m )^ • ftM oie«<3tofy 
fiaoultios o£ l«|^tlffiti "S^ £ * jmi l l i *^<^  9r(»9t«r d9w»l^«d thm 
th« visual €aotiltiQ8« i«hil« th«ir optic loi)9« toAla^t* ov^r th» 
olfActory lcM>a9« Thua^  laoth theo* £i«li«« bolong to my»t»am 
sifoip a£ £iaii<Mi* ^iltt ||*|ft^lcSiyL ^ ing <afi «yi^£isli(mic«o«RMit) # 
itas €^ie«il £»9alty ana optio k>i»t >jr>Mt<ar c^vslopad than tli« 
I n n 
olfaotiosy faoiaty andl olfactory labe* Vhm aoncl%m$atm 
drawn 3>y 'iioKi)lici2o<;}ieai ol»3«sV'jtlon« h««v« boon oorm^o* 
rat«a by b^mioweml and aoologieal gjtiidi*** 
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